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EXECUTIVE SUMMARY

This report for Individual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great Western
Reservorr), 201 (Standley Lake), and 202 (Mower Reservoir) was prepared in response to
requirements 1n the Interagency Agreement (IAG) between the U.S Department of Energy
(DOE), the U.S. Environmental Protecton Agency (EPA), and the Colorado Department of
Health (CDH). The sediments in these reservoirs contain low levels of plutonium as a result of
past acuvities at the Rocky Flats Plant (RFP). The IAG identifies the following primary
objectives for this report-

1 Submit all known and accumulated data describing, detalling or defimng

contamunation within the reservour(s) and tnbutanes of the reservoir(s) including
surface and ground water sources, and

2. Submut a health nisk assessment documenting the nsks derived from all potential
exposures associated with a no action alternanve for remediation of the
contamunation.

After evaluating over 30 documents containing data relevant to Sites 200-202, 1t became evident
it would be 1mpractical to append the entire body of existing data to this document. The IAG
data submussion requirement 18 addressed by summarizing pertinent data throughout the report,
by including a bibhography listing general references and available documentation of data for
Sites 200-202, and by appending specific data sources for the three Sites to the report

The existing data for Sites 200-202 were collected for the purpose of site characterization rather
than to support a rgorous quantitative health risk assessment. After evaluating the existing data
against EPA guidance for data useability 1n risk assessments it became apparent that the data do
not meet current quality control standards necessary to support a quantitative risk assessment.
As a result, this report includes a qualitative human health nisk assessment for Sites 200-202
In addition, a "generic" nisk assessment calculation 1s included which shows the steps and many
assumptions underlying a quantitative risk assessment, and which generates nisk values based on
hypothetical plutomium concentrations 1n reservorr sediments and water under various exposure
scenarios This calculation 1s useful in helping to determine whether known contamination at the
three reservoirs poses an imminent health risk to the public The following discussions provide
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a bnief summary of the information provided in this report in support of the objectives listed
above.

Sites 200 (Great Western Reservorr), 201 (Standley Lake), and 202 (Mower Reservoir) comprise
three of the four Sites within Operable Umit No 3 (OU 3) OU 3 differs from other RFP OUs
i that 1t 1s located outside the RFP boundary The three reservowrs are located outside the
castern boundary of the RFP. Great Western Reservorr serves as the municipal water supply for
the City of Broomfield, while Standley Lake supphies water to the cities of Thornton, Northglenn
and Westminster Mower Reservorr 1s a much smaller, privately-owned impoundment used for
agricultural purposes (1., cattle watering and wrrigation)

Past environmental investigations of Sites 200-202 have shown that plutomum concentrations 1n
the bottom sediments of all three reservoirs exceed estimated background (nuclear testing fallout)
concentrations. The elevated plutonmum concentrations are attributed to historical airborne
(fugaitive dust) and waterborne releases from the RFP These releases resulted primanly from
RFP operations 1n the 1950s, 1960s, and 1970s Pollution control measures implemented at the
RFP since this ime have effectively ehiminated the sources of the plutomum.

The information presented 1n this report points to the following conclusions about Sites 200-202

e Plutomum and amencium (a decay product of plutonium) are the only known
contamunants 1n the reservorrs attributable to RFP releases This conclusion 1s based
on extensive water quality momtoring data for Great Western Reservorr and Standley
Lake and analysis of bottom sediment samples for numerous potential RFP-denived
contaminants, including various radionuchides and beryllium.

* A plutonium-beaning honzon of bottom sediments 1n Great Western Reservorr and
Standley Lake has been covered by subsequent sedimentation The highest sediment
plutomum concentrations were found to exist in the deepest areas of each reservorr.
The concentrations of plutonium 1n the sediments in areas of highest exposure
potential (1.¢ , near-shore areas) of Great Western Reservorr and Standley Lake are
above background levels, as measured by several past studies in sediments of
Colorado Front Range reservoirs believed to be unaffected by RFP releases

e  Maximum plutomum concentrations measured to date in Great Western Reservoir
sediments are several times higher than those measured to date in Standley Lake
sediments
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Only four sediment samples have been collected (all in 1970) to assess plutonium
concentrations in Mower Reservorr sediments The highest plutomium concentrations
measured were roughly twice the esumated background concentration due to
atmospheric testing fallout, and were several times lower than the highest
concentrations measured to date in Standley Lake

Plutonium 18 strongly adsorbed to the clay-rich sediments typical in impoundments
near the RFP. Studies have shown that plutonium 1n the reservoir sediment columns
18 effectively immobilhized.

Routine water quality monitoring indicates that water quality in Standley Lake and
Great Western Reservorr has not been measurably impacted by plutonium 1n the
reservorr sediments. A single water sample collected in 1970 from Mower Reservoir
showed background plutomium concentrations (background 1s due to atmosphenc
testing fallout).

Residential tap water denived from Standley Lake and Great Western Reservorr 1s
routinely analyzed for plutonium. Results consistently indicate that plutomum
concentrations are well below CDH dninking water standards

Of the many potential exposure pathways identified for the reservoirs, the airborne
pathway from reentrainment of exposed sediments 1s considered the most significant
pathway that can convey plutomum to human receptors from Sites 200-202
Arrborne plutomum concentrations measured by arr momtors downwind of Sites
200-202 have remained well below the 0 02 picocuries per cubic meter (pCy/m?), or
0 0007 becquerel per cubic meter (Bq/m®) standard set by DOE. All potennal
exposure pathways, however, will be addressed under scheduled RCRA Facility
Investugation/Remedial Investigation (RFI/RI) activities at Sites 200-202

Additional data necessary to support a quantitative risk assessment for Sites 200-202 will be
collected during scheduled RFI/RI activities. This report will serve as the basis for the RFI/RI
scoping process Risk assessment and site characterization needs will be integrated in the RFI/RI

to ensure that all potential site contaminants and exposure pathways are identfied and

charactenized to the extent necessary to perform a quantitatve human health risk assessment.
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LIST OF DEFINITIONS

Completed Exposure Pathway'. The route a chemucal or radionuchide takes from a source to an
exposed orgamsm. A completed exposure pathway describes a unique mechanism by which an
indivadual or population is exposed to a chemical or radionuchde onginating from the site  Each
completed exposure pathway includes a source, a transport media, a mode of uptake, and a

receptor.

Data Quality Objectives’: Qualitative and quantitative statements to ensure that data of known
and documented quality are obtained.

Data Vahdation: The quality assurance process of reviewing sample collecion methods, sample
handhing and preservation, sample documentation and analytical procedures and results to
evaluate the accuracy and relhiability of data. Data are then classified as being quantitative,
qualitative, or unusable.

Detection Lamat!: The lowest value that can be rehably detected above the background noise of
a given analytical instrument or method.

Health Risk Assessment: The assessment of chemical or radiological releases from a site and
the analysis of public health threats resulting from those releases

Quabtative Risk Assessment. An estimate of the hikehihood of an adverse health effect by
analyzing both exposure and dose response data 1n a non-numerncal manner

Quantitative Risk Assessment. Based on completed exposure pathways, probabilities that an
individual will develop cancer over a lifetime of exposure are esumated from projected intakes
and chemucal/radionuchide-specific dose response information

Risk* A unitless probability of an individual being affected by an event.

Risk Coefficient® For the purposes of this document, a umtless probability of an individual
developing cancer from a chronic daily intake of plutonium averaged over 70 years

! Defimtions from the EPA Risk Assessment Guidance for Superfund (EPA, 1989)
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1.0 INTRODUCTION

This document summanzes available historical information and presents a preliminary human
health nisk assessment for Individual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great
Western Reservorr), 201 (Standley Lake), and 202 (Mower Reservorr) of RFP QU 3 (Off-Site
Releases). OU 3 1s umque among Rocky Flats operable units 1n that 1t 1s located outside the RFP
boundaries These reservoirs have been the subject of numerous environmental studies and
monitoring programs aimed at deterrmming the extent to which each has been impacted by
releases from the RFP The RFP 1s owned by the DOE and contractor-operated by EG&G Rocky
Flats, Inc. as a nuclear weapons research, development and production complex The RFP 1s
situated on 6,550 acres (2,650 hectares) of federal property 16 miles (m) (26 kilometers(km])
northwest of downtown Denver, Colorado (Figure 1-1)

In addition to the three reservowrs, OU 3 also includes site 199 (Contamination of the Land’s
Surface). site 199 1s the subject of a Past Remedy Report which was submutted to EPA and CDH
on Apnl 2, 1991 (DOE, 1991a)

11 P E A B
The purpose and objectives of this report are derived primanly from the IAG between the CDH,

the EPA, and the DOE (EPA, 1991) The following reporting requirements are set forth in
Table 5 of the IAG Statement of Work for each of the three reservoirs
1 Submut all known and accumulated data describing, detailing or defining contamunation

within the reservorr and tmbutanes of the reservorr including surface and groundwater
sources

2 Submut a health nsk assessment documenting the nisks denved from all potential
exposures associated with a no action alternative for remediation of the contamination

After evaluating over 30 documents containing data relevant to Sites 200-202, 1t became evident
that 1t would be impractical to append the entire body of existing data to this document. The
IAG data submussion requirement 1s therefore addressed by summarizing pertinent data
throughout the report, by including a bibliography listing available documentation of data for
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Sites 200-202 (Section 6.0), and by providing selected data source documents for the three
reservowrs in Appendix D.

Section VILD of the IAG Statement of Work details the components of the health risk
assessments required for the reservours These components are the basis of a ngorous,
quantitative assessment of the human health nisks associated with contamnation at the site, and
1t 1s the 1ntent of the IAG that they be applied to Sites 200-202 to assess public health risk under
a no action remediation alternative Cnitical to the performance of such a health risk assessment
are the quality and specificity of the data used to support the assessment The EPA’s "Gudance
for Data Useability in Risk Assessment” document (EPA, 1990a) establishes gudelines for the
mimmum level of data quality control required to perform a defensible, quantitative risk
assessment. Virtually all of the available data for Sites 200-202 have been collected for the
purpose of site characterization rather than risk assessment. While these data are well suited for
site characterization, a detailed evaluation against EPA useability criteria (Appendix A) indicates
that existing data from Sites 200-202 do not meet current quality control standards to support a
quantitative risk assessment. This report therefore provides a qualitative risk assessment 1n which
human health nsk 1s defined 1n relative terms rather than calculated nsk values Also included
15 a "generic" risk assessment calculanon (Appendix C) which shows the steps and the many
assumptions underlying a quantitative risk assessment, and which generates nisk values based
upon hypothetical plutonium concentrations in sediment and water under various exposure
scenanios This calculation 1s useful 1n helping to determine whether known contamination at
Sites 200-202 poses an immunent health risk to the public Additional data needed to support a
quantitative nisk assessment for Sites 200-202 are 1dentified 1n Section 4 10, these data will be
collected under scheduled RFI/RI activities at OU 3.

The following specific objectives for this report are based upon the IAG reporting requirements
for the reservorrs and the preceding discussion on data useability

o Describe reservorr site physical and chemical characteristics
s Provide a synopsis of environmental studies conducted to date at the reservorrs

s Formulate a conceptual model for contaminant fate and transport from the reservoirs
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s Cite evidence to support or invalidate the conceptual model for each reservoir

s Provide a preliminary health nisk assessment for the reservorrs, focusing on a no-action
alternative

o Identufy additional data needed to support a quanttative risk assessment for each
TeSErvolr.,

12 REGULATORY BACKGROUND

The IAG groups IHSSs (Sites) at the RFP 1nto 16 Operable Umts (OUs), one of which 1s QU 3.
The OU numbering system reflects the relative order of priority for the OUs OU 3 formerly was
designated OU 10 The present RFP OU system has emerged from public comment and
redevelopment of the IAG, which increased the number of OUs from 10 to 16 and changed their
relative order of prionty

The primary source for the scope of work for investigation and remediation of RFP OUs 1s the
IAG, which specifies an approach tailored to the particular requirements of the RFP. As stated
in paragraph 256 of the IAG, all response activites by the DOE under the IAG are to be
performed " 1n accordance with the requirements of all applicable federal and state laws and
regulations " These include the applicable requirements of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), the National Contingency Plan (NCP),
the Resource Conservation and Recovery Act (RCRA), the Colorado Hazardous Waste Act
(CHWA), and pertinent EPA guidance documents Investigation of the RFP OUs 1s scoped 1n
the IAG per EPA RCRA and CERCLA gudance, which specify collection of data under an
RFI/RI to support a site characterization, a health nisk assessment, and an environmental
evaluation For Sites 200-202, however, the IAG specifies the use of existing data to develop
a health nsk assessment and does not require an environmental evaluation Preparation of this
report 1s an additional JAG requirement that falls outside the scope of RCRA and CERCLA
guidance

Great Western Reservorr 1s used as part of the municipal water supply for the City of Broomfield,
while Standley Lake provides water for the cities of Westmnster, Thornton and Northglenn

comphiance with Federal and state water quality standards applicable to drinking water supply
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sources 1s momtored at these reservowrs through routine samphng and analysis Local

. governments participate 1n public review of RFP plans and proposals as part of their involvement
1n decisions about RFP activities which may impact Great Western Reservorr or Standley Lake

Mower Reservoir 18 a much smaller, privately owned impoundment used for agricultural purposes

(1.e, cattle and irrigation). Although not actively momtored, Mower Reservoir water quality 1s
governed by CDH water quality classificatton and standards for the South Platte River basin
(CDH, 1990a).

1.3 REPORT ORGANIZATION
The remainder of this report 1s orgamzed into the following sections

Section 2 0 provides a discussion of site characteristics and history, and summanizes
environmental studies conducted to date at Sites 200, 201, and 202

Section 3 0 provides a description of the site conceptual model used 1n the preliminary
human health nisk assessment

Secion 40 provides a prehmnary human health nsk assessment, including
1dentification of data needed to conduct a quantitative human health nsk assessment

Section 5 0 provides conclusions and recommendations
Section 6 0 provides a bibhiography and references

Appendix A provides an evaluation of existing reservoir data useability for nisk
assessment agamnst EPA critena

Appendix B provides general guidelines for development of a health nisk assessment
Appendix C provides a "generic" nisk assessment calculation for Sites 200-202

Appendix D provides selected data source documents for Sites 200-202.
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2.0 SITE BACKGROUND AND DESCRIPTION

The RFP fabricates metal components for nuclear weapons from plutonium, uranium, beryllium,
and stainless steel Support activities include chemcal recovery and punfication of recyclable
transuranic radionuchdes, and research and development 1n metallurgy, machining, nondestructive
testing, coatings, remote engineering, chemustry, and physics. These operation generate
nonhazardous, hazardous, radioactive, and mixed radioactive waste streams (DOE, 1987) The
385 acre (156 hectare) main production facility of the RFP, within the controlled area, is
surrounded by a 6,150 acre (2,491 hectare) buffer zone which delineates the RFP boundary

(Figure 1-1)

The three OU 3 reservorrs are located outside the eastern boundary of the RFP (Figure 2-1), two
to four m1 (3 2 to 6 4 km), from the main production faciity The locations are downgradient
and generally downwind of the RFP Each of the reservoiurs has received some of its influent
water from drainages flowing from the RFP duning the operating history of the plant. A system
of diversion ditches and retention ponds within the RFP now prevents surface water from the
main production facility from reaching any of the reservoirs Great Western Reservorr 1s 1solated
completely from RFP surface water by a ditch which diverts flow around the reservoir. Plans
are proceeding for construction of a similar diversion around Standley Lake Extensive
environmental monitoring of ground water, surface water, ambient air, and soils on and near the
RFP 15 conducted by a number of agencies and municipalities (Section 2 1.3.3 and 222 2)
While 1t 1s possible that the reservoirs could be affected by future airborne and/or waterborne
emissions from the RFP, 1t 1s expected that any such emissions would be detected and
characterized by environmental momtoring, and that the potential impact of the resulting
contamination on the reservoirs could be readily assessed. The contamination of Sites 200-202
descnibed 1n this report 1s a result of both routine operational procedures and accidental releases
during the first several decades of the RFP operation (early 1950s to late 1970s). Environmental
monitoring results summanzed 1n monthly and annual reports (Dow, 1971-1989; CDH, 1970-date)
suggest that environmental control measures and changes in operating procedures have effecuvely
prevented additional radioactive contaminants from impacting the reservours.
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Numerous investigators (see Sections 213 and 222) have studied the impacts of RFP
contaminants on the sediments, water, and ecosystems of Great Western Reservorr, Standley
Lake, and therr tnbutary drainages from the RFP (Walnut Creck and Woman Creek, respectively).
Almost all of this work has focused on radionuclides, primarily plutonium and americium, which
18 a decay product of plutonium. Although concentrations of nonradioactive contaminants are
routinely measured in reservorr and drainage water, virtually no data exist for prospective RFP-
derived nonradioactive contaminants which could affect the reservoir sediments

21 GREAT WESTERN RESERVOIR (Site 200)
Site 200 encompasses Great Western Reservorr, off-site reaches of Walnut Creek (which formerly

flowed into the reservoir from the RFP), and downstream surface water features possibly
impacted by outflow from the reservoir (Figure 2-1). Portions of Walnut Creek within the
boundaries of the RFP will be investigated as RFP OU 6 and are not included 1n Site 200

211 Location and Description
Great Western Reservorr 1s located approximately 15 mm (2 4 km) east of the RFP’s eastern

boundary 1n Sections 6 and 7 of Township 2 South, Range 69 West (T2S, R69W) (Figure 2-1).
The reservorr 1s owned by the City of Broomfield and 1s utihized solely for the city’s mumcipal
water supply Public access to Great Western Reservorr and the surrounding area 1s fenced and
posted to exclude public access (Broomfield, 1990)

Pre-construction information for the Great Western Reservorr site 15 not given in available
references The original reservoir was built in 1904 as a wrngation water supply. The dam has
been enlarged on several occasions, most recently in 1958 The maximum height of the dam 1s
69 feet (ft) (21 meters [m]) (Hydro-Tnad, 1981) The present reservorr volume 1s 3,250 acre-feet
(401 hectare-meters) The bottom and sides of the reservoir are unlined, meaning that the
reservoir may be hydrauhically connected to the ground water system in the area (Mller, 1990)
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212 Sue Conditions

Although Iittle site-specific information 1s available concerming the geology and ground water
hydrology of Site 200, plant-wide hydrogeologic studies give an indication of conditions in the
vicinity of the RFP The following sections summarize relevant results of these studies and
provide site-specific information where available

21.2.1 Geology and Ground Water Hydrology
The US Army Corps of Engineers utilized data from two existing boreholes near Great Western

Reservorr as part of a 1989 evaluaton for a surface water interceptor system for the reservorr.
In these boreholes, alluvium surficial deposits are underlain by Arapahoe Formation bedrock at
depths of 5 and 16 ft (15 and 49 m) Bedrock consists of interbedded sandstone, siltstone and
claystone and dips shightly to the east (Corps of Engineers, 1989). The precise locations of these
boreholes are not given 1n this document. The Arapahoe Formation averages 250 ft (76 m) n
thickness 1n the RFP area, and 18 underlain by several hundred feet (approximately 100 m) of
shale comprising the upper portion of the Laramue Formation (USGS, 1976). It 1s expected that
a simular stratigraphic sequence underlies Great Western Reservorr

Two hydraulically-connected ground water systems occur at the RFP An unconfined system
which 1s present 1n saturated surficial deposits (the upper hydrostratgraphic umt) 1n many areas
of the RFP, and a confined system 1n sandstones and claystones of the underlying Arapahoe
Formation (the lower hydrostratigraphic umit) (USGS, 1976) The shallow unconfined system 1s
recharged by infiltration from incident precipitation and from surface and baseflow water (e g.,
drainages and reservorrs) Ground water flow 1s generally to the east and towards drainages
Ground water locally discharges as seeps or springs 1n drainages, especially where the surficial
deposit/bedrock contact 1s exposed. Large water table fluctuations may occur 1n the shallow
system 1n response to seasonal variations in recharge and discharge, with the highest water levels
generally occurning during the months of May and June and the lowest water levels generally
occurring 1n January and February As a result of these fluctuations the lateral and vertical extent
of saturated surficial deposits varies seasonally Several past studies have measured hydraulic
conductivity 1n the upper and lower hydrostratgraphic umts using drawdown-recovery tests,
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pump tests, packer tesung and slug testing on selected wells (USGS, 1976, Hydro-Search, 1985,
Rockwell, 1988a)

Confined ground water in the lower hydrostrangraphic umt occurs primanly in lenticular
sandstone bodies within claystone Ground water flow 1n the upper hydrologic unit occurs 1n the
unconsolidated Quaternary surficial deposits and the shallow sandstone within the bedrock.
Recharge to this umit occurs from infiltranon from streams and precipitation. The lower
hydrologic unit 1s found 1n the deeper bedrock sandstones which exhibit confined conditions.
Recharge to this umit occur primarily from baseflow and leakage from the overlying claystone.
Ground water 1n the lower hydrologic unit flows east towards a regional discharge area along the
South Platte River, some 20 mu (32 km) east of the RFP Local seeps occur along the sides of
dramnages where the bedrock crops out. Calculated horizontal linear flow velocities for the
system average 01 ft/day (0 03 m/day) in the sandstones and approximately 9x10* fi/day
(2 7x10* m/day) 1n the claystone A relatvely steep downward gradient 1s also observed 1n areas
of the formation The effects on ground water movement by faulting 1n the lower hydrologic unit
are not known (USGS, 1976, Hydro-Search, 1985)

Specific hydrogeologic information for Great Western Reservorr 1s imited to dniling records
from privately-owned water wells 1n the vicimty of the reservorr. Drilling and filing records held
by the Colorado Division of Water Resources suggest that surficial deposits near the reservoir
range 1n thickness from 15 to 50 ft (4 6 to 15 m) and average approximately 25 ft (7 6 m) thick
These deposits typically are described as clay, sandy clay, or clay with gravel and boulders,
locally capped by five to six feet of topsoll The underlying bedrock 1s described 1n most well
records as alternating layers of shale and sandstone, which 1s assumed to be a very generalized
description of the Arapahoe Formation Most of the wells for which records were examined were
completed 1n sandstones at depths ranging from 35 to 275 ft (10 7 to 84 m) Static water levels
averaged 10 to 50 ft (3 to 15 m) higher than the screened 1interval, indicating moderate pressure

head 1n the sandstones
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2.122 Surface Water
Great Western Reservorr 1s fed pnmarily by Clear Creek via Lower Church Ditch Untl

recently, the reservorr also received influent from the north and south branches of Walnut Creek,
both of which flow from the RFP The two branches merge 1nto a single drainage within the
RFP boundary (Figure 2-1). A chromuc acid release at the RFP 1n 1989 prompted construction
of a Walnut Creek diversion, known as the Broomfield Diversion Ditch. This diversion 1s not
shown 1n Figure 2 1, which was derived from a 1980 map of the area. Surface water affected
by the chromic acid was diverted around Great Western Reservorr and did not impact the
reservorr (Dow et al., 1971-1989) Walnut Creek flow from the RFP 18 now treated and diverted
south around Great Western Reservorr into the drainage below the reservourr outlet, where 1t
combines with outflow from the reservoir. The Broomfield Diversion Ditch effectively prevents
surface water from the RFP from reaching Great Western Reservoir Walnut Creek continues
below Great Western Reservorr and eventually discharges into Big Dry Creek several miles
downstream from the reservoirr (USGS, 1980)

Within the RFP boundary, the North and South Walnut Creeck drainages contain the A and B-
series holding ponds, respectively In North Walnut Creek, there are four ponds designated A-1,
A-2, A-3 and A4, from west to east (Figure 2-1) Ponds A-1 and A-2 are used only for spill
control, and North Walnut Creek stream flow 1s diverted around them through an underground
pipe Pond A-3 receives North Walnut Creek stream flow and runoff from the northern portion
of the RFP Pond A-4 1s utihzed for surface water control and for overflow from Pond A-3
(Rockwell, 1988a)

Five retention ponds located along South Walnut Creek are designated B-1, B-2, B-3, B-4 and
B-5, from west to east (Figure 2-1). Ponds B-1 and B-2 are reserved for spill control. Pond B-3
receives treated effluent from the RFP samtary sewage treatment plant. Ponds B-4 and B-5
receive surface runoff from the central part of the plant and routinely receive discharge from
Pond B-3 Pond B-5 also collects overflow from Pond B-4 (Rockwell, 1988a)
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2.13 Environmental Investigations
From the opeming of the RFP in 1952 through approximately 1979, water contamning

decontaminated process and laundry effluent was discharged through the B-senies ponds to South
Walnut Creek (Rockwell, 1988a, Dow, 1973) Cooling tower blowdown and treatment system
steam condensate were discharged to the A-series ponds, which feed into North Walnut Creek.
These discharges contained low levels of radionuchides which accumulated in the sediments of
the holding ponds, Walnut Creek, and Great Western Reservorr (DOE, 1980). The EPA
concluded 1n 1975 that historic releases of contaminants from the RFP to Great Western
Reservorr resulted primanly from the following activities (Appendix D, Document D-3).

s Early operational practices at the plant (1950s and 1960s)

¢ Reconstruction of the holding ponds between 1970-1973, which resuspended pond
sediments and released some of this matenial to Great Western Reservoir

s A 1973 tntium release from the RFP (Section 213 2)

s Aurrborne transfer of radionuchides (primanly plutonium)
The following sections present chronological summanes of environmental studies conducted to
date of Site 200. Analytical results from these studies are summarized in Table 2 1. The studies
are incorporated by reference to the documents in Appendix D and to the bibliography n Section
60.

2131 Reservorr and Drainage Sediments
The EPA conducted the first extensive sampling of bottom sediments 1n Great Western Reservorr

in February and September 1970. The results indicated that a layer of sediment containing
plutonium above the EPA estimated baseline (worldwide atmospheric fallout) level of <01
picocunie per gram (pCy/g), or 0.0037 becquerel per gram (Bg/g) was present in the bottom of
the reservoir. The thickness of the plutonium-bearing sediments was 2 1 (5 cm) or more at all
sampling locations. The highest concentrations of plutonmium were detected 1n sediments 1n the
Walnut Creek 1nlet area and the central section of the reservoir (leading to the dam inlet) The
lowest concentrations were found 1n the south arm, the shoreline area between the south arm and
the dam, and the western portion of the north arm (Appendix D, Documents D-1 and D-2)
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TABLE 2.1

‘ GREAT WESTERN RESERVOIR PLUTONIUM ANALYTICAL DATA

"Radioactivity Levels n the Environs of the Surf Sed" 010-013 011 3

]' Rocky Flats Plutonium Plant, Golden, Colorado,
1970," by EPA (Appendix D, Document D-1) Water: 003 003 1
"Radioactvity Levels in the Environs of the Surf Sed. 0.08-0 86 0.34 20
Rocky Flats Plutonium Plant, Colorado, 1970,
Part I1,” by EPA (Appendix D, Document D-2) Sed Core 003-10 024 12
Water: <0 02 <002 1 l
| "Plutonium Levels 1n the Sediment of Area Surf Sed. <00641 14 20
Impoundments Environs of the Rocky Flats
Plutonium Plant - Colorado,” by EPA (Appendix | Sed Core <0024 5 097 15
D, Document D-3)
"Survey of Reservoir Sediments,"” by Dow Surf Sed. 068-79 34 5
Chemical (Appendix D, Document D-4)?
Sed Core 0001-53 042 13
"Radionuchide Concentrations m Reservorrs, Sed Core 001-8.2 27 7
Streams and Domestic Waters Near the Rocky
Flats Installation,” by Battelle PNL (Appendix
D, Document D-5)°
. "Great Western Reservorr Spillway Sediment Surf Sed. 0013-0083 004 14
\ Sampling Program Phase I Report,” by Rockwell
International (Appendix D, Document D-7)* Sed Core 0 007-0 192 0074 14
"Great Western Reservorr Spillway Sediment Sed Core 0 006-007 0 04 7
Sampling Program Phase II Report,” by
Roclswell International (Appendix D, Document
D-8)
"Great Western Reservoir Sediment Cores,” by Surf Sed. 0261 35 48
Rockwell International (Appendix D, Document
D-9) Sed Core 0013-54

b Surface sediment grab sample--typically represents upper 5 cm of secaments

2 Results are for samples collected 1n 1973 by EPA and split with DOE Surface sediment grabs analyzed by
Rocky Flats laboratory, sediment cores analyzed by Battelle Pacific Northwest Laboratory and Lawrence
Livermore National Laboratory

3 Collected numerous water and sediment samples i which plutomum concentrations were not measured

‘ Great Western Reservoir spillway sediments, sampled prior to removal and disposal
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EPA resumed therr investigation of plutomum 1n surface water sediments east of the RFP 1n
September 1973 This phase of the study further documented plutomum concentrations in Great
Western Reservoir. Sediment samples collected both by dredging and coring indicated that
plutonium above expected baseline concentrations was present over almost the entire bottom of
Great Western Reservorr as a result of releases from the RFP  The maximum plutonium
concentration detected was 4 5 pCi/g (Table 2.1) The results confirmed the areal distnbution
of plutonium delineated by the 1970 study, except that the highest concentrations were found 1n
the deepest areas of the reservorr rather than in the Walnut Creek 1nlet area. It was also observed
that plutonium-239 concentrations 1n the uppermost sediment layer increased substantially 1n the
three years between the studies. This increase was traced to an influx of sediment resuspended
from the RFP holding ponds during pond reconstruction activines This study also measured
concentrations in Great Western Reservoirr sediments of selected radionuchides other than
plutonium and of beryllium. No significant vanations in the concentrations of these potential
RFP contaminants were observed throughout the reservoir or between Great Western Reservoir
and Standley Lake (Site 201), suggesting that the measured concentrations represented
background levels (Appendix D, Document D-3)

The 1970 and 1973 EPA studies also sought to confirm the estimated plutonium baseline
(background) level by sampling sediments from Front Range reservoirs believed to be unaffected
by the RFP Dunng the 1970 study, sediment samples were collected from Calkins Lake and
Autrey Reservorr (Appendix D, Documents D-1 and D-2) Dunng the 1973 study, samples were
collected from Cherry Creek Reservowrr, Marston Lake, and Ralston Reservorr (Appendix D,
Document D-3). With one exception, analysis of samples from these reservours yielded
plutonium-239 levels below <0 1 pCy/g (0 0037 Bg/g), substantiating EPA’s eshmated baseline

concentration

An accidental release of tritum from the RFP into Walnut Creek and Great Western Reservorr
occurred 1n 1973 (EPA, 1974) Subsequent studies measured tritum concentrations 1in reservoir

water as a result of the release, however, triium contamination in reservoir sediments has not
been studied (Rockwell, 1988b)
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In 1974, Battelle Pacific Northwest Laboratories conducted an investigation of radionuchde
concentrations in reservorir and stream sediments near the RFP  Concentrations of plutonium-239,
plutomum-240 and americium-241 1n the sediments of Great Western Reservorr and Walnut
Creek were found to exceed "baseline levels" (presumably the EPA baseline of <0.1 pCyg
[0 0037 Bg/g]) The study estimated the total inventonies of plutonium and americium 1n Great
Western Reservorr sediments at 244 mullicurie (mCr) and 73 mCi (9 02 and 2.7 gigabecquerel
[GBq]), respecuively. Concentrations of cesium-137 were at or below expected baseline
concentratons. Age-dated sediment cores collected during this study from Great Western
Reservoir demonstrated two separate periods of plutonium deposition, 1968-1969 and 1959-1964,
both of which coincide with recorded, controlled waterborne releases from the RFP  Worldwide
fallout from atmospheric nuclear weapons testing may also have contributed to the plutonium in
the 1968-1969 sediment layer (Appendix D, Document D-5) The 1968-1969 peak detected 1n
the Battelle study also corresponds to a period of windborne releases from the 903 Pad, a former
drum storage area near the eastern end of the RFP controlled area (Figure 2-1) (DOE, 1991a)

Also 1n 1974, Colorado State Umversity (CSU) conducted a study of plutonium 1n aquatic
systems of the RFP environs Ths study concluded that the clay fraction of RFP sediments has
an extremely high affimity for plutomum and, left undisturbed, provides an excellent retention
mechamism for plutonium 1n the aquatic system Laboratory studies related to this investigation
showed that the adsorption of plutonium onto the sediments was rapid and essentially irreversible
(CSU, 1974)

Results of studies conducted through 1974 were summarized 1n a 1975 report by Dow Chemical
According to this report, the studies demonstrated that plutonium 1n surface water impoundments
18 not readily transported from the impoundments Consequently, the majonty of the plutonium
released through RFP surface waters was contained in the on-site holding ponds Plutomum
concentrations 1n Walnut Creek sediments increased downstream, suggesting downstream
mugration of plutonium released at an earher ime (Dow, 1975)

In 1979 and 1980, Rockwell International measured plutonium and americium concentrations 1n
sediments on the Great Western Reservorr overflow spillway prior to removal and disposal of the
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sediments by the City of Broomfield. Levels of plutonium-239, plutonium-240 and americium-
241 mn spillway sediment samples were near regional atmospheric fallout background
concentrations. Plutomum concentrations were well below the <09 pCy/g (0 03 Bq/g) CDH
special construction requirements standard for plutomum 1n soil. Plutomum and amencium
concentrations 1n the spillway sediments varied httle with depth, supporting the conclusion that
the sediments accumulated through a combination of hillslope erosion, wave action and sediment
mixing, rather than the continuous lacustrine deposition typical of the reservoir bottom sediments
(Appendix D, Documents D-7 and D-8)

In 1983, Rockwell International collected 48 sediment surface grab samples and four sediment
cores during an extensive Great Western Reservoir geochemical sampling project. Duplicates
cores were collected at three locations for joint analysis by the City of Broomfield. The resulits
of this study were not pubhshed in report form, but were summanzed in public meetings.
Maximum recorded plutonium concentrations in these cores were 5 4 pCi/g (Rockwell) and 49
pCy/g (Broomfield), occurring at depths of 17 1n (43 cm) and 7 5 1n (19 cm), respectively The
study indicated that plutomium occurred 1n a discrete sediment honizon corresponding with
historical releases from the RFP, and that this honzon had been bured to varying depths by
subsequent sedimentation Sedimentation rates based on core samples were determined to vary
from >1 4 mn/yr (>3 5 cm/yr) 1n the eastern, deeper areas of the reservorr to <0 1 in/yr (<0.25
cm/yr) 1n the shallower areas (Appendix D, Document D-9) It was also concluded that no
evidence existed of plutomum mugration through the sediment column (Rockwell, 1988b).

Numerous studies have focused on surface so1l plutonium contamination east of the RFP (DOE,
1991a) Elevated plutomum concentrations have been measured 1n surface soils north, west, and
south of Great Western Reservorr as a result of windborne releases from the 903 Pad, a former
drum storage area within the RFP (Figure 2-1) The distnbution of surface soil plutonium
contamination around the reservoir suggests that windborne particulates have contributed to the
plutonium 1n Great Western Reservorr sediments
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213.2 Reservorr and Drainage Water Quality

Surface water quality in North and South Walnut Creeks and in Great Western Reservoir has
been monitored since shortly after the RFP opened 1n 1951 (Rockwell, 1988a) Tap water 18 also
momtored for prospective RFP-denved contaminants in a number of mumcipalities around the
RFP, including the City of Broomfield, which 1s supplied by Great Western Reservorr In
addition, a number of historical studies have focused on potential 1impacts to Site 200 water
quality as a result of RFP releases.

Histonical Studies
A 1973 EPA study concluded that dissolved plutonium concentrations in water samples from

Great Western Reservoir and Walnut Creek were less than atmospheric fallout-denived baseline
concentrations of <0.03 picocunies per lter (pCyl) (<0001 Bg/l) Daissolved uranium
concentratons were less than the expected natural background of 25 mucrograms per hter
(Appendix D, Document D-3)

An accidental release of trittum 1n 1973 from the RFP into Walnut Creek and Great Western
Reservorr was the focus of another EPA study EPA estmated that the release resulted 1n a total
commutted dose of 4 millirem (0.04 millisievert) to the average individual using the reservorr as
a source of drinking water. EPA found that this dose had mimimal impact on public health and
did not recommend any mitigative actions (EPA, 1974) Tntium concentrations in Great Western
Reservoir waters returned to approximately background levels by 1977 (Rockwell, 1988a)

In 1974, Battelle conducted an investigation of radionuchde concentrations 1n reservoirs, streams
and domestic tap waters near the RFP Plutonium-239, plutomum-240, and americium-241
concentrations 1n Great Western Reservorr and Walnut Creek water were slightly above the
expected atmospheric fallout background, which was not specifically quantified n this study.
Concentrations of these three radionuchides 1n Broomfield tap water were shghtly above the
detection imt of 4 5x10°* pCy/1 (1 7x10°® Bg/1) but were orders of magnitude lower than the EPA
National Primary Drinking Water Regulation of 15 pCy/l (0 55 Bg/l) for total long-lived alpha
activity (exclusive of radon and uranium) (Appendix D, Document D-5)
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A 1981 Rockwell International study statistically compared available gross alpha and plutonium
monitoring data for Great Western Reservorr water and Broomfield tap water with plutonium and
gross alpha data for other regional water bodies and supplies All of the comparnisons (with the
excepuion of those for Ralston Reservoirr water, in which very low plutomum concentrations
occurred) indicated that concentrations of plutomum and gross alpha 1n the regional waters did
not statistically differ from those in Great Western Reservoir water and Broomfield tap water
(Rockwell, 1981).

Rouune Monitoring
Routine monitoring of surface water within and around the RFP, of all effluent streams leaving

the RFP, and of tap water :n municipahities around the RFP has been conducted since shortly
after the RFP opened 1n 1951 Specific sampling and analytical protocols have vaned throughout
the history of the surface water momtoring program. Information regarding sample locations,
analytical protocols, analytical results, and compliance with applicable state and federal water
quality standards has been summanzed since 1971 1n the RFP monthly and annual environmental
montoring reports (Dow et al, 1971-1989) The surface water momtoring program 18 also
summanzed 1n the RFP environmental impact statement (DOE, 1980)

Water quality in Great Western Reservorr and off-site reaches of Walnut Creek 1s routinely
momntored by the City of Broomfield and CDH Broomfield samples Walnut Creek at a location
immedaately east of the RFP on a monthly basis and tests for eight volatile organic compounds
(VOCs) An automatic sampler at the same location collects a composite water sample each
week for gross alpha and gross beta analysis Weekly samples also are collected by Broomfield
from Walnut Creck below Great Western Reservorr and analyzed for gross alpha and gross beta
Water entering the Broomfield water treatment plant from the reservoir 1s momtored monthly for
eight VOCs. Treated Broomfield tap water 1s also momtored weekly for gross alpha and gross
beta, and monthly for eight VOCs (CDH, 1989) CDH conducts quarterly sampling of Great
Western Reservorr for selected herbicides, pesticides, metals, base neutral acids (BNAs), and
radionuchides Broomfield water treatment plant influent from Great Western Reservorr 1s
analyzed weekly by CDH for selected radionuclides (CDH, 1990a)

RFPapr200 r 18 040591




The RFP, Broomfield, and CDH surface and tap water momtoring programs have produced a
large volume of data to assess the potential impacts from RFP releases on Site 200 surface water
quality The monitoring 1s conducted in part to ensure that the RFP 1s in comphance with
applicable state and federal water quality standards Applicable standards have varned since the
opening of the RFP 1n 1951 Currently applicable standards for the RFP include

o The National Pollution Discharge Elimination System (NPDES) standards for the RFP,
first 1ssued 1n 1974, which limit nonradioactive discharges from the plant

o State drinking water standards for radioactive contaminants in community water
systems, promulgated in 1977

o Colorado Water Quality Control Commission (CWQCC) temporary water quality
standards for both radioactive and nonradioactive contaminants, which were adopted 1n

July 1989 for all mbutaries to Great Western Reservoir from the RFP.
Descriptions of these standards, and information about RFP comphiance with the standards, are
contamned 1n the RFP monthly and annual environmental momtoring reports (Dow et al., 1971-

1989)

2.2 STANDLEY LAKE (Site 201)
Site 201 encompasses Standley Lake, off-site reaches of Woman Creek (which flows into the

reservoir from the RFP), and downstream surface water features possibly impacted by outflow
from the reservoir (Figure 2-1) Portions of Woman Creek within the boundaries of the RFP will
be investigated as RFP OU 5 and are not included in Site 201.

2 2.1 Location and Description
Standley Lake 18 a large reservorr located approximately 2 ma (3 2 km) southeast of the RFP’s

eastern boundary (Figure 2-1) 1n Sections 16, 17, 20, 21, 22, and 28, T2S R69W Uses of the
reservorr include municipal water supply and recreation The reservoir has been owned by The
Farmers Reservorr and Irngation Company of Brighton, Colorado since 1ts construction between
1909-1919 Although the dam has undergone periodic maintenance and reconstruction, most
recently 1n 1978, Standley Lake’s present volume of 43,000 acre-feet (5,300 hectare-meters) has
remained relatively unchanged since 1ts construcion Approximately 67 percent of the reservoir

water 1s used as mumcipal water supply for the cites of Westmunster, Northglenn and Thornton
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The remaining 33 percent 1s transported through irngation ditches to agnicultural areas northeast
of the lake, pnnmanly between Broomfield and Fort Lupton Standley Lake receives
approximately 96 percent of 1ts water from Clear Creek via an umigation datch, but 1s also fed by
Woman Creek (Figure 2-1), which drains the southern side of the RFP (Farmers, 1990)

A geologic charactenzation of Standley Lake was performed by Mineral Systems, Inc. in 1982
to provide data for the enlargement of the dam and reservoirr Bedrock outcrops at various
locations around the lake consist of claystone with interbedded sandstone lenses, probably of the
Arapahoe Formation These units dip gently to the northeast. Overlying the bedrock are surficial
deposits averaging 15-20 ft (5-7 m) thick, consisting of a senies of alluvial terraces, colluvium,
and munor other deposits No faults have been identified in the area (Hydro-Tnad, 1982)
Although other site-specific information concerning Standley Lake geology and ground water
hydrology are lacking, 1t 18 expected that conditions 1n the immediate vicimty of the reservoir are
simlar to those described 1n Section 2 1 2 1 for Great Western Reservorr.

Within the RFP boundary, the Woman Creek drainage contains the two C-series holding ponds,
Ponds C-1 and C-2 (south and east of the main production area, respectively) (Figure 2-1) Pond
C-1 recerves flow from Woman Creck. This flow 1s diverted around Pond C-2 and back into the
Woman Creek channel downstream of Pond C-2 Pond C-2 receives surface runoff from the
South Interceptor Ditch which collects surface runoff from the southern half of the RFP main
production area (Rockwell, 1988a) The South Interceptor Ditch runs along the south
(downgradient) side of the main production area, between the controlled area and Woman Creek
(Figure 2-1) The datch itself 18 not shown 1n Fagure 2-1, which 1s based on 1980 topographic
maps of the RFP area. Pond C-2 water formerly was discharged into Woman Creek n
accordance with the NPDES permut for the RFP More recently, water was pumped from Pond
C-2 1nto a treatment facility, then through an aboveground pipeline to the Broomfield Diversion
Datch, where 1t was discharged 1n accordance with an amended NPDES permut and an agreement
with the City of Broomfield. This discharge agreement expired at the end of 1990, and no water
has been discharged from Pond C-2 since this ime Surface water controls within the RFP
effectively prevent runoff from the RFP main production facility (the controlled area shown 1n
Figure 2-1) from reaching Standley Lake

RFPapr200 r 20 040591




22.2 Environmental Investigations
Radioactive matenials released from the RFP may have been transported to Standley Lake through

surface water (primanly 1n suspended sediments) and/or arrborne particulates (fugitive dust).
Between 1952 and 1973, the RFP discharged water treatment facility filter backwash nto
Pond C-1, which discharges into Woman Creek (Rockwell, 1988b) At present, only buffer zone
surface runoff and natural ground water seepage flow into the Woman Creek drainage withing
the RFP boundary (Dow et al, 1971-1989).

The following sections present chronological summaries of environmental studies conducted to
date of Site 201 Analytical results from these studies are summanzed in Table 22 Many of
the studies conducted at Great Western Reservorr (Section 2.1 3) also included Standley Lake.
Reports associated with these studies are incorporated by reference to the documents in Appendix
D and to the bibliography in Section 6 0

2221 Reservorr and Drainage Sediments
The EPA collected four surface grab samples and two cores of bottom sediments from Standley

Lake 1n 1970 The results indicated possible plutonium contamination above the esumated <0 1
pCv/g (0 0037 Bg/g) baseline concentration (worldwide atmosphere fallout) in the deeper areas
of the reservor EPA concluded that elevated plutomum in Standley Lake resulted from
unspecified releases from the RFP, and speculated that these releases occurred from surface water
erosion and transport of plutonium-contamnated soil (Appendix D, Documents D-1 and D-2)

EPA resumed their investigation of plutomum 1n surface water sediments east of the RFP 1n
1973. Analysis of seventeen surface grab samples and eight cores of Standley Lake sediments
yielded plutonium concentrations above estimated baseline concentrations in only two of the
surface grab samples. Plutomum concentrations in the cores taken at the locations of these grab
samples were similar to baseline concentrations (< 0 1 pCi/g) EPA behieved the cores to be
more representative of actual conditions at the two locations, and concluded that the collectve
sampling effort did not indicate any discernable plutomum contamination in Standley Lake
sediments attributable to RFP releases (Appendix D, Document D-3)
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TABLE 2.2

STANDLEY LAKE PLUTONIUM ANALYTICAL DATA

Surface sediment grab sample--typically represents upper 5 cm of sediments

Data Source Range (pCyg or 1) Average Number of
(pCvg or 1) | Data Points

*Radioactivity Levels in the Environs of the Surf Sed* 004-005 0045 2
Rocky Flats Plutonium Plant, Golden, Colorado,
1970," by EPA (Appendix D, Document D-1) Waterr <002 <002 1
"Radioactivity Levels in the Environs of the Surf Sed. 005-0.21 013 2
Rocky Flats Plutonsum Plant, Colorado, 1970,
Part I1,” by EPA (Appendix D, Document D-2) Sed Care 009-0.37 019 2

Water <002 <002 1
"Plutonium Levels 1n the Sediment of Area Surf Sed. <002-017 007 17
Impoundments Environs of the Rocky Flats
Plutonium Plant - Colorado,” by EPA (Appendix | Sed Core <003-016 007 8 ‘
D, Document D-3)
"Survey of Reservorr Sediments,” by Dow Surf Sed. 013-316 13 6
Chemical (Appendix D, Document D-4)

Sed Care 000007-0109 | 0016 8
"Radionuchide Concentrations in Reservorrs, Surf Sed. 015-0.29 022 3
Streams and Domestic Waters Near the Rocky
Flats Installation,” by Battelle PNL (Appendix Waterr 00015 00015 1
D, Document D-5)
"Time Pattern of Off-site Plutonzum Sed Core 003-056 015 2
Contamination from Rocky Flats Plant by Lake

| Sediment Analyses,” by DOE (Appendix D,

Document D-6)
"Standley Lake Sediment Sample Collection Surf Sed. ND*-0 55 004 63
Summary," by Rockwell International (Appendix
D, Document D-10) 0 052-0.61

Results are for samples collected 1n 1973 by EPA and split with DOE Surface sediment grabs analyzed by
Rocky Flats laboratory, sediment cores analyzed by Battelle Pacific Northwest Laboratory and Lawrence

Livermors National Laboratory

Collected numerous water and sediment samples in which plutontum concentrations were not measured

ND = below Rocky Flats laboratory detection hmat of 0 002 pCy/g
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During a 1974 investigation of radionuchides 1n the sediments of reservoirs and streams near the
RFP, Battelle Pacific Northwest Laboratonies collected eight surface sediment grab samples and
a single sediment core from Standley Lake. Several samples contained plutonium above EPA
estumated baseline levels of <0.1 pCyg (00037 Bg/g) Based upon the single core sample,
Battelle extrapolated total plutomium and americium inventories for Standley Lake sediments at
60 and 18 mCi1 (2 2 and 0.7 GBq/g), respectively. The core also suggested that cesium-137 levels
in Standley Lake sediments were typical of atmospheric fallout baseline levels The Battelle
study did not attempt to define the historical source of Standley Lake piutomum contamination
(Appendix D, Document D-5).

Separate studies of plutonium 1n the surface water systems 1in the vicimty of the RFP concluded
that (1) plutomum rapidly and almost ureversibly attaches itself to clay sediments (CSU, 1974),
and, (2) plutomum 1n surface water impoundments does not move very far or very rapidly
through subsurface waters, meaning that the majonity of the plutomum released through RFP
surface waters was contained 1n the on-site holding ponds (Dow, 1975)

The DOE collected two sediment cores from Standley Lake in August 1976, and determined
through correlation of peak radionuclide concentrations 1n the longer core that 1t represented
approximately fourteen years of sedimentation (1962-1976) This datung enabled DOE to
calculate an average sedimentation rate for the core location of 1 3 n/yr (3 4 cm/yr), and to
conclude that plutonilum concentrations 1n the core location exceeded baseline levels since 1966,
peaked 1n 1969, and declined after 1969 The report attnbuted 70 percent of the plutonium 1n
Standley Lake to releases from the RFP and speculated that this plutomum was transported both
by airborne particulates and by soil erosion within the lake drainage basin (1 e. surface water).
The time correlation of plutomum deposition 1n the core corresponded with the known peniod of
windborne plutonium release from the 903 Pad at the RFP (Figure 2-1) (Appendix D,
Document D-6).

Rockwell International conducted an extensive sediment sampling program at Standley Lake 1n
1984 to evaluate sediment plutonium concentrations and to compare the results with previous

work. A total of 63 surface sediment grab samples and four sediment cores were collected by
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Rockwell, of which seven grab samples and two cores were collected jointly with the City of
Westminster The results of this study were not published 1n report form, but were summanzed
1n public meetings A maximum concentration of 0 61 pCy/g (0 02 Bq/g) was detected at a depth
of 6 3-7.1 1n (16-18 cm) 1n one core. The maximum plutonium concentration measured 1n the
surface sediment grab samples, which potentially represented a sediment depth of several inches,
was 055 pCi/g (0018 Bg/g) (Appendix D, Document D-10)

In 1989, the CDH analyzed various species of fish collected from Standley Lake to determine
if they were safe for human consumption The fish were analyzed for selected metals,
radionuchides (including plutonium-239, plutomum-240, and cesum-137), and prionity organic
pollutants. No radionuclides were detected 1n the fish, however, low concentrations of cadmium,
mercury, selenmium, and the pesticides DDT, DDE, DDD, and malathion were detected in some
or all species The report stated that the source(s) of these contaminants was indeterminate, but
that none of the contaminants detected were umque to the RFP. It was concluded that the
contamunants may have onginated from a vanety of sources in the watershed, including water
diverted from Clear Creek, which contributes 96 percent of the influent to Standley Lake
(Appendix D, Document D-11)

2222 Reservorr and Drainage Water Quality
The quality of surface water in Woman Creek and Standley Lake has been monitored since

shortly after the RFP opened 1n 1951 Tap water 1s also monitored for prospecuve RFP-derived
contaminants in a number of municipalities around the RFP, including the ciues of Westmuinster,
Thornton, and Northglenn, which are supplied by Standley Lake In addition, several historical
studies have focused on potential impacts to Standley Lake water quality as a result of RFP

releases

Histoncal Studies

A 1973 study by the EPA concluded that dissolved plutomum concentrations in water samples
from Standley Lake were less than atmospheric fallout-derived baseline concentrations of <0.03
pCi1 (0001 Bg/l). Dissolved uramum concentrations were less than the expected natural
background of 2 5 micrograms per liter (Appendix D, Document D-3).
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Battelle Pacific Northwest Laboratonies analyzed Standley Lake water as part of their
nvestigation of radionuchde concentrations 1n reservours, streams and domestic waters near the
RFP. Plutomum-239, plutonium-240, and americium-241 concentrations in Standley Lake water
were above the expected atmosphernic fallout background, which was not specifically quantified
in this study, but were orders of magmtude lower than the EPA National Primary Drinking Water
Regulation of 15 pCi/l (055 Bg/l) for total long-lived alpha activity (exclusive of radon and
uranium). Concentrations of these three radionuchdes were below detection hmts of 4 5x10™
pC¥1 (1 7x10° Bg/1) 1n Westminster tap water (Appendix D, Document D-5).

Routine Momtoring
Routine momtoring of surface water within and around the RFP, of all effluent streams leaving

the RFP, and of tap water in municipahties around the RFP has been conducted since shortly
after the RFP opened 1n 1951. Specific sampling and analytical protocols have varied throughout
the history of the surface water momtoring program. Information regarding sample locations,
analytical protocols, analytical results, and complhiance with applicable state and federal water
quality standards has been summarnized since 1971 1n the RFP monthly and annual environmental
momtoring reports (Dow et al,, 1971-1989) The surface water momitoring program 1s also
summarnized in the RFP environmental impact statement (DOE, 1980)

The cities of Northglenn, Thornton, and Westminster each monitor raw water influent from
Standley Lake at their respective water treatment plants for VOCs, gross alpha and gross beta
Westmunster also monitors treated (tap) water for gross alpha and gross beta Woman Creek 1s
sampled 1mmediately east of the RFP boundary once each month by the City of Thornton and
analyzed for 59 VOCs Another location along Woman Creek 1s sampled weekly for gross alpha
and gross beta analysis. Standley Lake water 1s sampled monthly near the Westmunster treatment
plant inlet and analyzed for 59 VOCs Water 1s also sampled monthly near the Standley Lake
dam at six different depths and analyzed for gross alpha and gross beta (CDH, 1989) CDH
conducts quarterly samphng of Standley Lake for analyses of selected herbicides, pestcides,
metals, BNAs, and radionuclides Westmunster water treatment plant influent from Standley Lake
18 analyzed weekly by CDH for selected radionuchdes (CDH, 1990a)
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The surface and tap water momtoring programs conducted by RFP, CDH, and the cities supplied
by Standley Lake have produced a large volume of data to assess the potential impacts from RFP
releases on Site 201 surface water quality The monitoring 18 conducted 1n part to ensure that
the RFP 1s 1n compliance with applicable state and federal water quality standards. Applicable
standards have varied since the opening of the RFP 1n 1951. Currently applicable standards for
the RFP include.

o NPDES standards for the RFP, first 1ssued in 1974, which limit nonradioactive

discharges from the plant

o State drinking water standards for radioactive contaminants in communmity water
systems, promulgated in 1977

¢ CWQCC temporary water quality standards for both radioactve and nonradioactive
contamunants, which were adopted 1n July 1989 for all tnbutanes to Great Western
Reservorr from the RFP
Descriptions of these standards, and information about RFP comphance with the standards, are
contamned 1n the RFP monthly and annual environmental monitoring reports (Dow et al., 1971-

1989)

23 MOWER RESERVOIR (Site 202)

Site 202 encompasses Mower Reservorr, off-site reaches of the imgation ditch which feeds the
reservorr from Woman Creek, and downstream surface water features possibly impacted by
outflow from the reservoir (Figure 2-1) Portions of this irngation ditch within the boundanes
of the RFP are part of RFP OU 6 and are not included 1n Site 202

2 3.1 Location and Description
Very little documentation exists for Mower Reservorr, a small, privately-owned impoundment

located just southeast of the RFP in Section 18, T2S R69W The reservorr 1s fed by Woman
Creek via an wngation ditch that ongmates within the RFP boundary (Figure 2-1) Mower
Reservorr 1s used for agricultural purposes, primarily cattle watering and ungation, and fluctuates
1n capacity depending upon water supply and demand. It covers an area of approximately 9 acres
(3 6 hectares) and 1s roughly 50 ft (15 m) deep at 1ts deepest point (Personal communication,
1990) Outflow from Mower Reservorr enters Church Ditch approximately one-quarter mule (0 4
km) southeast of the reservoir (Figure 2-1) Mower Reservorr 1s located on land which was the
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subject of a lawswuit against the RFP by several landowners, alleging contamination of the land
surface by releases from the plant (DOE, 1991a)

No site-specific information 1s available for geologic and groundwater conditions at Mower
Reservorr. The hydrogeological seting at Mower Reservorr 1s expected to be similar to that
described for Great Western Reservorr (Section 213 1)

2 3.2 Environmental Investigations
In contrast to the extensive historical sampling data available for Great Western Reservorr and

Standley Lake, only very hmited data have been collected to characterize Mower Reservorr.
Because the reservorr 1s not a public water supply, 1ts water quality 1s not momtored and has not
previously been evaluated. RFP-denived contaminants in Mower Reservorr are believed to have
been transported primanly as airrborne particulates, and to a lesser degree by surface water
through the Woman Creek drainage, which may have contributed to plutontum concentrations in
Standley Lake sediments (see Section 2 2.2). It can be inferred that contamunant concentrations
resulting from releases into Woman Creek would be similar for Mower Reservorr and Standley
Lake, while concentrations resulting from airborne releases, and from erosion and transport of
contamunated soils by surface runoff, would be similar for Mower Reservoir and Great Western

Reservorr

Mower Reservoir sediments were sampled in 1970 during EPA’s mtial study of radioactive
contamination 1n the aquatic environs of the RFP A total of four surface sediment grab samples
were collected. Plutonium concentrations in these samples ranged from 009-0 18 pCi/g and
averaged 0 14 pCy/g, shghtly exceeding EPA’s esumated baseline concentration of < 0 1 pCy/g
(Appendix D, Documents D-1 and D-2). No further charactenzation of Mower Reservoir
contanmunation has been conducted since this 1970 sampling effort.

Numerous investugations have focused on elevated plutomum concentrations 1n surface soils

around Mower Reservoir (DOE, 1991a) These studies have concluded that the primary source
of the plutonium was windborne particulates from the 903 Pad (Fagure 2-1). It 1s expected that
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Mower Reservorr received stmilar amounts of plutonium through airborne transport as the nearby
land surface

24 OTHER RELEVANT STUDIES
Several proposed or ongoing investigations within the boundaries of the RFP may produce data

which 1s relevant to the OU 3 reservoirs  Although investigations at on-site OUs have progressed
to varymng stages of completion, most are 1n the imtial assessment stage Investigations of
Woman Creek (OU 5) and Walnut Creek (OU 6) will help to determune the extent to which these
drainages were pathways for off-site contamination which mught eventually have reached
Standley Lake and Great Western Reservorr, Studies of surface soil contamination 1n the eastern
part of the RFP as part of the ongoing investigation of the 903 Pad and associated on-site
contamunation (RFP OU 2) may elucidate the role of wind 1n transporting contaminants to the

OU 3 reservorrs, particularly Mower Reservorr

In 1988, the Colorado School of Mmnes (CSM) presented a proposal to the RFP to study
radionuclides 1n the sediments of Colorado Front Range lakes which had not been affected by
releases from the plant (CSM, 1988) As a result of this proposal, a study was conducted for the
RFP by CSM of Halligen Reservoir and Wellington Lake, located north of Fort Collins, Colorado
and southeast of Bailey, Colorado, respectively The objectives were to more firmly establish
baseline radionuchide concentrations due to atmospheric fallout so that "excessive” values could
be operationally defined, to compare sedimentation rates for the "background" reservoirs with
those for reservoirs near the RFP, and to determine whether radionuchides were subject to any
post-depositional bioturbation The study deterruned that plutomum concentrations in the
sediments of the two reservoirs peaked at 0 19 +0 02 pCy/g (0 007 +0 00074 Bq/g), and proposed
this value as a baseline concentration for plutomum 1n Colorado Front Range reservoirs (CSM,
1990) Ths level 1s somewhat higher than EPA’s esumated plutonium baseline concentration of
<01 pCy/g (0.0037 Bq/g) The CSM study was presented to the RFP in May 1990, and has not
yet been formally reviewed by the RFP or published for the scientific commumty outside the
RFP
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25 SITE DEMOGRAPHICS

The population, economics, and land use of the areas surrounding the RFP are described 1n a
1989 Rocky Flats viciity demographics report by DOE (DOE, 1n press) This report divides
general use of areas within zero to 10 mu (zero to 16 km) of the RFP into residential,
commercial, industnal, parks and open spaces, agricultural and vacant, and institutional
classifications, and considers current and future land use near the plant.

25.1 Current Use

The majority of residential use within five mu (eaght km) of the RFP 1s located immediately north
and southwest of Standley Lake Single (umincorporated) residents are located 1n the vicimity of
Great Western Reservoir and Mower Reservorr Figure 2-2 shows the 1989 population
distribution within areas up to five mules from the RFP  Commercial development 1s
concentrated near the residential developments north and southwest of Standley Lake, and around
the Jefferson County Airport approximately 15 mu (24 km) northeast of Great Western
Reservorr Industrial land use within five ma (eight km) of the plant 1s limuted to quarrying and
minng operations. Open Space lands are located northeast of Great Western Reservorr, near the
city of Broomfield, and 1n small parcels adjoining major drainages and small neighborhood parks
1n the ciues of Westmunster and Arvada. Standley Lake 1s surrounded by Standley Lake Park.
Irngated and nomirngated cropland, producing primarily wheat and barley, are located northeast
of the RFP near the cines of Broomfield, Lafayette, and Lowswville, north of the RFP near
Louisville and Boulder, and 1n scattered parcels adjacent to Mower Reservorr and Great Western
Reservoir Several horse operations and small hay fields are located west of Standley Lake The
demographics report characterizes much of the vacant land adjacent to the RFP and the reservorrs
as rangeland (DOE, 1n press)

Included within site 199 of RFP OU3 are two contiguous parcels of land totaling 350 acres (142
hectares) which were determined to contain plutomum 1n soil in excess of a CDH special
construction requirements standard of 0.9 pCy/g (0 03 Bg/g). The parcels of land arc directly
south of Great Western Reservoir and west/northwest of Mower Reservorr, and are owned by the
City of Broomfield and Jefferson County, respectively These lands were part of a larger area
adjacent to the RFP which was the subject of a lawsuit by landowners against the United States
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between 1975-1985 The lawsuit settlement agreement required that the RFP remediate the
Broomfield and Jefferson County acreage To date, soil plutonium concentrations have been
reduced to below the remedial action target level of 09 pCi/g on 120 acres (48 hectares) of the
Jefferson County acreage adjacent to Mower Reservorr Concentrations on the remaining 120
acres of Jefferson County land, and on the 100 acres of Broomfield land south of Great Western
Reservorr, may still exceed 0.9 pCi/g. The Jefferson County land was dedicated to the county
Open Space program. Rather than allow immediate use of the land as Open Space, the county
has chosen to prevent public access to this land until remedial activities are completed. The
Broomfield land serves as part of a buffer zone around Great Western Reservorr, and 1s also
excluded from public access (DOE, 1991a)

252 Fuwre Use

Future land use in the viciaty of Sites 200-202 most likely involves continued suburban
expansion, increasing the density of residential, commercial, and perhaps industrial land use in
the areas The expected trend 1n population growth 1n the vicinity of the RFP 1s addressed 1n the
DOE demographics study (DOE, in press) This report considers expected vanations in
population density by comparing the current (1989) setting to population projections for the years
2000 and 2010. A 21-year profile of projected population growth m the vicimty of the RFP can
thus be examined. The DOE projections are based primanly upon long-term population
projections developed by the Denver Regional Council of Governments (DRCOG)

Expected population density and distnbution around the RFP for the years 2000 and 2010 are
shown 1n Figures 2-3 and 2-4, respectively Table 2 3 summanzes the population data presented
1n Figures 2-2, 2-3, and 2-4. Sectors 3, 4, and 5 depicted 1n these figures are relevant to the risk
assessment presented in Section 4.0, while sectors 1 and 2 represent property within the RFP
boundary In addition, only radial Sectors B through H are considered relevant to Sites 200-202

It 1s concluded 1n Section 4.0 that windborne particulates from exposed sediments 1s the most
significant potential exposure pathway from the reservoirs which can affect human receptors.
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TABLE 2.3

CURRENT AND PROJECTED POPULATION IN THE
VICINITY OF THE ROCKY FLATS PLANT

Segment
Sector B C D E F G H |Sum
Year; 1989
1 0 of o o of
2 0 of of o 0 of
3 5] 18] of of o 17 0 35
4 o] 22| of 283 46| so| 215] 616}
5 300] 13| 2s[36711] 477 78] 2355 7,419
sum | 30s| 48] 25[3954| s23] 45| 2570] s0n0]
| Year: 2000 1
1 0 ol o o of
2 0 of o o
3 s| 13] ol o 17 35
4 ol 214] 7| 42| 96| so| 30| 1460
5 | 1289 ses| 25 4372 s42] 1259 6.457] 14,510
sum | 1204] 793] 32| 4844] 638] 1,326 7,087 16,014
|
!

Source DOE (in press)
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The projected population growth in the next 20 years in areas typically downwind of the
reservowrs (primarily Standley Lake) may increase the number of potential receptors from the
awrborne pathway with the exception of one study mn which the RFP measured higher
concentrations 1n samples sphit with EPA (Appendix D, Document D-4) It 1s repeated here that,
with the exception of a study in which the RFP laboratory measured much higher plutonium
concentrations in sample splits than did EPA (Appendix D, Document D-4), the peak plutonium
concentration measured 1n Standley Lake sediments 1n past studies 1s 0 61 pCy/g (Table 2.2).
This peak was found 1n the deeper water area of the reservorr (1¢, not prone to exposure and
entrainment by wind), and the sediments containing the higher concentrations have been buned
by subsequent sedimentation Even if these sediments were somehow exposed to airborne
entrainment, the peak concentrations are believed to be less than the CDH special construction
requirements standard for plutomum in soil of 09 pCi/g, which was promulgated to protect
potential receptors against airborne exposure This topic 1s addressed 1n more detail in Section
4.0 Extensive routine water quality monitoring of Standley Lake, Great Western Reservorr, and
municipal tap waters denived from these reservowrs indicates that plutonium in the reservoir
sediments has had no measurable impact on water quality, meaning that probable increases 1n the
populations supplied by the reservoirs will not constitute an increase 1n potential receptors via
the ingestion pathway

It 1s assumed 1n Section 4 O that the present use of Sites 200-202 wall remain unchanged 1n the
foreseeable future
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3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY

Utlizing the information obtamned in past studies (Section 20), a conceptual model of
contanmnant transport and exposure pathways for Sites 200-202 1s presented here for use 1n the

evaluation of the potential nisks of reservoir contamination to human health (Figure 3-1 and
Table 3.1)

For an exposure pathway 1n the conceptual model to be considered complete, 1t must contain the

following components.

Contaminant Source. For purposes of the conceptual model, the primary current source
1s plutonium-contaminated reservorr sediments at Sites 200-202 Plutonium from Sites
200-202 could be released to air, ground water, surface water, or biota. Each of these
media can subsequently become a secondary source for further releases

Contaminant Release Mechamism* Potential release mechanisms for plutonium from the
reservoir sediments 1include resuspension into awr, surface water runoff,
infiltration/percolation 1nto ground water, and biotic uptake The conceptual model
identifies both primary release mechamisms (those mechamisms which release
contamunants directly from the source area) and secondary release mechamisms (those
mechamisms which release contaminants from secondary media contammnated by the
source area)

Transport Media Once plutonium 1s released, 1t can be transported within transport
media to exposure points The transport media can be air, ground water, surface water,
or biota Behavior and fate of plutonum in these media are important relative to
exposure routes and receptors The conceptual model identifies both primary transport
media (the media in which contaminants exist at the source area) and secondary
transport media (those media 1n which contaminants are transported away from the
source area)

Exposure Route Any point of potential contact with a contaminated medium 1s an
exposure point. Exposure routes are determined according to the media contaminated
and the anticipated activities at the exposure pomnts Exposure route can be by
ingestion, inhalation, or dermal contact.

Receptor The receptors are individuals potenually exposed to contaminants at the
exposure points
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TABLE 3.1

CONCEPTUAL MODEL FOR SITES 200-202

‘ Primary Release | Secondary Secondary Release Exposure Potential
Mechanism Medicum Mechanism Route Receptors
Fugitive Dust Arr Airrborne Inhalation Residents
Settled dust-plants Ingestion Visitors
Settled dust-soil Biota
Settled dust-water
Wind Stmpping of | Air Arrborne Inhalation Residents
Water Settled dust-plants Ingestion Visitors
Settled dust-so1l Biota
Settled dust-water
Reservorr Surface Water |Biouc Uptake Inhalation Residents
Discharge Deposition Ingestion Visitors
Irngation Biota
Infiltration
Fuginve dust
Infiltration/ Groundwater Seepage Ingestion Residents
Percolation Pumpage Biota
Base Flow
Biotic Uptake Biota Biodegradation Ingeston Residents
Biota
Drinking Water | Treatment Plant | Tap Water Precipitates | Ingestion Residents
Withdrawal Inhalation
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The conceptual model provides a contaminant source characterization and an overview of all the
potential mgration pathways that may result from releases from and/or 1nto each transport media.
Some of these pathways have a higher potential for occurrence than others. Sigmficant migration
pathways which are common to each reservorr are 1dentified 1n Section 4 O by evaluating the fate
and mobihty of the contaminant in each potential media that 15 included 1n the conceptual model.
Reservorr specific pathway 1ssues are then discussed in Section 4 0. Exposure routes and
receptors, which are also components of a completed exposure pathway, are addressed in
Section 4.0.

The various elements of the conceptual model are explained 1n the following sections

31 SQURCE AREA CHARACTERIZATION

Plutomum fate and mobility 1n the waters and sediments which constitute the primary transport
media at Sites 200-202 depend on the physical and chemical properties of the media and the
plutonium.

3.11 Contaminant Characteristics
As described 1 Section 2.0, contamination attributable to releases from the RFP has been

documented at Sites 200-202. The only known contaminants from the RFP above background
levels 1n these reservorrs are plutonium and amencium. Investigations have further concluded
that the contaminants were introduced to the reservoirs as a result of historical RFP releases. As
shown 1n Figure 3-1, 1t 1s conceivable that minor amounts of plutonlum and americium may
continue to enter the reservoirs as a result of surface water and/or wind erosion of contaminated
soils. Extensive momitoring of ambient air (Dow et al, 1971-1989) and surface water (see
Sections 2.1 3.2 and 222 2) around the RFP have not detected measurable impacts to the
reservorrs through ongoing soil erosion Results from ground water quality momtoring along the
eastern boundary of the RFP indicate that ground water has not been a pathway for contamnant
mugration to the reservoirs (Dow et al , 1971-1989).
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Because the environmental fate and mobility of americium and plutonium are very similar (EPA,
1990b), and because much more information 1s available concerning the environmental fate and
mobility of plutonium, the following sections focus specifically on plutonium.

There are 15 known 1sotopes of plutonium that decay into other elements at different rates (half-
lives range from hours to 387,000 years) (Ames and Rai, 1978). At the typical temperature, pH,
and Eh ranges of environmental concern, plutonium will exist largely as either plutomum dioxide
(PuO,) or, 1n aqueous environments, as a sohd hydroxide (Brookins, 1984). The solubility
product constant of plutomum hydroxide has been reported as 7x10%, indicaung wvirtual
msolubility in water (Taube, 1964) Plutomum hydroxide typically adsorbs (attaches) tightly to
particulate matter by electrostatc attracuon. The majonty of plutomum occurring in aqueous
environments will be adsorbed onto suspended solids in the water, which settle out n
impoundments such as Sites 200-202 to form bottom sediments Although the presence 1n the
environment of complexing agents such as humic acid may cause increased solubihization of
plutomum, solubilization will be mumimal under the conditions generally found in the natural
environment and plutomum will remain associated with the solid phase (EPA, 1990b)

Based upon the conceptualization of plutonium chemustry in the environment presented above,
nearly all of the plutomum 1mn Sites 200-202 1s expected to be adsorbed to clay in bottom
sedaments Studies cited in Sections 2 1 3 and 2 2 2 have indicated that the plutonium 1n Great
Western Reservorr and Standley Lake occurs 1n a distinct sediment horizon 1n each reservoir
which has been bunied by subsequent sedimentation The highest plutontum concentrations

appear to exist 1n the deepest areas of the reservoirs

312 Sediment and Water Charactenistics
In stagnant impoundments such as holding ponds and reservours, suspended solids gradually settle

out of water to form bottom sediments 1t has been shown that clay-rich sediments, such as those
n Sites 200-202, have an extremely high affimity for plutonium, effectively immobilizing 1t n
the sediment (CSU, 1974) While 1t 1s possible that elevated concentrations of complexing agents
combined with a relatvely high percolation rate through the sediments mught mobilize the
plutonium, no evidence of plutonum mugration 1n the sediments has been detected (DOE, 1980)
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Surface water typically 1s charactenized by oxidizing conditions Density stratification of lake
waters 1n summer, however, can result in a reducing environment in deeper water Under
reducing conditions, the distribution coefficient of plutonium, which 1s the ratio of concentrations
1n soil (or sediment) to concentrations in water, may be three- to ten-fold lower than under
typical reservorr conditions, meaning that plutomum mobility may increase shghtly The
magnitude of this increase 13 not significant, however, 1n terms of overall plutonium mobility
(ANL, 1986)

3.2 RELEASE MECHANISMS AND TRANSPORT MEDIA
As shown 1n Figure 3-1 and Table 3 1, potental release mechamisms and transport media can

combine 1n a vanety of ways to transport contamination from the reservoirs to human and other
biotic receptors. These release mechamsms and transport media are potentnal, and their
identification 18 not meant to imply that they will occur or be significant at the reservoirs The
contaminant source characterized in the preceding section 1s a semi-consolidated mass buried n
the sediment of each reservorr, and 1s 1n fact not expected to be readily available for release into
the environment by any of the mechamsms described below Probabilines of occurrence are
discussed 1n Section 4 0

321 Plutomum Fate and Mobility 1n Surface Water
There are five oxidation states of plutomum (Pu) 1n aqueous solutions Pu(IIl), PuIV), Pu(V),

Pu(VI), and Pu(VII). As discussed in Section 3 1 1, the Pu(IV) oxidation state (1.e., plutonium
hydroxide) 1s the most stable under the oxidizing and near-neutral conditions typical of surface
water (DOE, 1991b).

Plutomum hydroxide 18 extremely 1nsoluble 1n water, but can nonetheless undergo very limited
dissolution 1n the pH range of environmental interest. The solid phase of plutomum hydroxide
15 a colloidal polymer of neutral or positive charge Pu(V) and Pu(VI) can coexast as 10ns with
the polymer (DOE, 1991b) Such colloids can contain from 10°-10" atoms of plutomum
(Andelman and Rozzell, 1970). Increasing pH tends to reduce the charge density of the polymer,
and at pH>9, 1t 1s expected that the colloids become negatively charged, decreasing therr affinity
for particulates and thus increasing their mobility in surface water (Roxburgh, 1987; DOE,
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1991b). Plutonium solubility and subsequent mobility may also increase in the presence of
dissolved orgamic matter, carbonate, fluondes, nitrates, chlorides, or other complexing agents in
the water (Allard and Rydberg, 1983) There 1s no evidence, however, that this process is
occurnng 1n the reservous. The depths at which concentrations of plutonium decrease to
background levels 1n the sediment columns of Standley Lake and Great Western Reservorr have
remained constant 1n the periods between studies conducted to date (see Appendix D)

Resuspension of plutomum from bottom sediments 1s possible by processes which disturb the
sediments (e g., burrowing orgamisms, high runoff, or wave action in shallow areas) The
resuspended seduments will eventually settle back out, and again become part of the bottom
sediments.

322 Plutomum Fate and Mobility 1n Air
As indicated 1n Figure 3-1 and Table 3 1, exposed sediments 1n near-shore areas of the reservoir

may be susceptible to resuspension by wind. This resuspension may be amplified by disturbance
(e g, vehicular traffic) Once resuspended 1n air, particles can move long distances depending
upon wind velocity and turbulence Smaller diameter particles will be carried farther; therefore,
the s1ze of sediment with which plutonium 1s associated 1s cntical Numerous studies at the RFP
have focused on plutomum association with size fractions of soil particles and have determined
representative percentages of respirable plutonum-contaminated soil particles 1n air (McDowell
and Whicker, 1978; Whicker et al,, 1974), but the correlation of these studies to reservoir
sediments 1s unknown. Sediment size characterization will be conducted as part of scheduled
RFI/RI activities for Sites 200-202

323 Plutomum Fate an ihty 1n Ground Water

As discussed 1n Section 3 2.1, no evidence has been observed n Great Western Reservorr or
Standley Lake of solubihization and leaching of plutonium downward 1n the sediment column
towards the ground water table This lack of mobihity results primanly from the strong tendency
of plutonium to adsorb to clay in the sediments
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The mugration of plutonium 1ons 1n ground water 1s retarded due to continuous distribution of
plutonum between soil and water phases The distribution coefficient (K,), which quantfies the
tendency to be adsorbed onto a sohid particle relative to remaiming dissolved, for plutonium 1s
10>-10° (Allard and Rydberg, 1983). The EPA (1990b) gives a distnbution coefficient of 2x10°
for plutonium. Plutomum would not be expected to mugrate readily in ground water with such
high K, values. Furthermore, plutonium will tend to remain adsorbed to solid particles at pH
values between 3 and 9 (Roxburgh, 1987). However, 1t has been shown that plutonium (and
amenicium) bound to colloidal particles in ground water may be unaffected by the forces that act
to retard their movement through ground water and may mmgrate cistances far beyond those
expected from K, values alone (Penrose et al, 1990) The Penrose study descnbes dissolved
plutomum and amernicium from a treated aqueous effluent migrating through a shallow alluvial
aquifer derived from volcanic tuff The muneralogy of this aquifer 18 not described, but fine-
grained matenal described as sity clay may, in fact, be zeoltes (hydrated aluminosilicate
munerals) The plutomum source, mode of transport, depositional mechanism, and aquifer
environment are potentially very diufferent than the reservoir environment at Sites 200-202
Indeed, the Penrose study cautions against extrapolating the results to dissimilar environments
and conditions without careful site-specific study The vertical distribution of plutonium in the
reservorr sediments and, if appropriate, the ground water environment at the reservours will be
studied during scheduled RFI/RI activities at Sites 200-202

3.2 4 Plutomum Fate and Mobihty in Water Treatment Plants
Filtration of influent water at water treatment plants effectively separates most suspended solids

from the water. Any plutontum adsorbed onto these particles will therefore also be removed.

Water from Great Western Reservorr 1s filtered at the Broomfield water treatment plant The
filters are routinely backwashed into a settling lagoon at the plant. Accumulated backwash
sludge 1s periodically removed from the lagoon and analyzed for a vanety of parameters,
including plutonium, prior to disposal Plutonium above background concentrations has not been
detected 1 the sludge 1n past analyses Filter sludge was last analyzed and removed from the
lagoon approximately five years ago (Broomfield, 1990) Filter sludge was also analyzed at the
Broomfield plant by the EPA (Appendix D, Document D-1) and Battelle (Appendix D,
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Document D-5). Filtration of Standley Lake influent occurs at the Northglenn, Thornton, and
Westmunster water treatment plants. Discussions with personnel at each of these facilities
indicate that filter backwash sludge 1s not and has not previously been analyzed for plutonium
or gross alpha activity.
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT

Secton 300 430(d) of the NCP (Federal Register March 8, 1990, pg. 8709) states that as part of
the remedial investigation, a Baseline Risk Assessment (BRA) 1s to be conducted to determine
whether the contaminants of concern identfied at the site pose a current or potential nisk to
human health and the environment 1n the absence of remedial action For purposes of this report,
Table 5 of the IAG Scope of Work modifies this objective for OU 3 by hmiting the nsk
assessment to human health concerns based on a no-action alternative A complete quantitative
risk assessment will be performed as part of the scheduled OU 3 RFI/RI actuvines The
following discusses the general aspects of a BRA, and the specific differences of this preliminary

assessment.

4.1 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY HUMAN HEALTH
RISK ASSESSMENT

The major objective of a BRA 1s to 1dentify and define (quantify) potential human health nsks
and potential environmental impacts associated with exposure to the constituents present 1n the
various environmental site media. The assessment 1s not mntended to estimate the true risks to
which human or environmental populations will be subject; rather 1t presents upper bound
estimates of these risks to be used 1n the remedial decision-making process The true risks are
likely to be much lower than their upper bound values It 1s used as mnput into the Feasibility
Study (FS) to focus on the most appropniate remedies (if any), which reduce 1dentified nisks (of
any) to acceptable levels The BRA essentially establishes the site baseline condiions from
which a selection of the most appropnate type and extent of corrective actions (if any are needed)
can be made

BRA Objectives
In general, the major objective of the BRA 1s attamned by identfying and charactenzing the

following.
» Toxicity and quantity of hazardous substances present 1n each media of concern
o Environmental fate and transport mechamisms within specific environmental media, such

as physical, chemical, and biological degradation processes
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» Hydrogeological, airborne, surface water, and biota evaluation and assessment

» Potential exposure pathways and extent of actual or expected exposure

* Population at nsk

» Extent of expected harm and the hikehhood of such harm occurring

» Acceptable levels of exposure based on regulatory and toxicological information

* Comparnison of concentrations present with Applicable or Relevant and Appropriate
Requirements (ARARSs)

* Development of a site-specific model that will provide a calculation of risk, given site-
specific parameters.

At most facilities, the principle data source document for conducting the BRA 1s the RFI or the
RI report. These will be referred to as an RFI/RI report for purposes of O U, No 3 discussions

These include general site characterization information, chemical analytical information, and a
detailed description of the hydrogeological regime and predictions of groundwater flow and
contamunant transport mechamsms. The charactenzation of site-specific parameters such as
airborne contaminant concentrations, types and distribution of biota, occurrence of surface water,
and soil contaminant concentrations are also performed during an RFI/RL. The BRA presents the
data collected during these imnvestigations 1n the context of potental human and environmental
exposure and focuses on the most toxic of the site contaminants. The human health aspects of
the BRA uses the data and the characterization of the site and contaminant distnbution patterns
for all environmental media by reinterpreting them in the context of potentially complete
exposure pathways leading to human receptors, with onc added dimension, namely focusing on
the toxic constituents. The following discussions focus on the human health aspects of a risk

assessment.

Once all potential exposure pathways have been evaluated the carcinogenic nisk calculatons from
each are summed to produce a total risk posed to humans from the contaminants located on-site.
This value 1s then compared to the EPA target carcinogenic nsk range of 10 to 10° The EPA
does not require the complete eliminanon of nisk or of all known or anticipated adverse effects,
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rather 1t requires protection of human health and the environment. Appendices B and C of this
report provide additional information concerning the concepts of risk.

In 40 Code of Federal Regulations (CFR) Section 300 430(3)(2)(1)(A)(2) the EPA states that "For
known or suspected carcinogens, acceptable exposure levels are generally concentration levels
that represent an excess upper-bound lifeume cancer risk to an individual of between 10* and
10°%, using information on the relationship between dose and response.” Furthermore, the EPA
has stated 1n this section that the 10° nisk level shall be used as the point of departure for
determining remediation goals for alternatives when ARARs are not available or are not
sufficiently protective because of the presence of multiple contaminants at a site or multiple
pathways of exposure, however, this 10° cumulative nisk level 1s to be used only as a starng
point, and does not reflect a presumption that the final decision on remedial action should attain
such a nisk level. It 1s possible that given site-specific parameters, a calculation that results 1n
a cumulatve total risk level of 10™ to the public could still be protective of human health, thus
eliminating the need for remedial action

Quahlitative Risk Assessment Objectives
Unfortunately, none of the above 1ssues can be quantified 1n this document due to the type of

historical data available for Sites 200-202 Appendix A of this document presents a data
useability review of existing documents to evaluate their applicability for use 1n risk assessment,
and concludes that the available data are not adequate to perform a defensible quantitative risk
assessment. A quantitative risk assessment will, however, be performed based on EPA gmdance
(EPA, 1989) as part of the remed:al investigation report.

Since the requirements of the IAG must stll be met, and a quantitanve human health risk
assessment cannot be performed with existing data, a qualitanve human health nsk assessment
for Sites 200-202 1s presented 1n this secion The objectives of this qualitative assessment are
to 1dentify all potential exposure pathways which will be evaluated in the RFI/RI, to discuss the
relanve significance of each pathway by using exisung information to make qualitative
judgements, and to 1dentify additional information which wall be needed to perform a quantitative

assessment. The quahtative assessment presented 1n this report uses the existing information to

RFPapr200 r 47 040591




make judgements concerning the potential exposure pathways and to identify the plausible
exposure pathways and qualitatve risks which are applicable to the no action alternatuve for the
reservorrs. These judgements are not used, however, to ehminate potential exposure pathways
from evaluation during the scheduled RFI/RI activities

The quahtative nisk evaluation (based on existing information) for the no action alternative 18
based on the current uses of the reservowrs. In order to provide some estumate of whether there
18 any immunent threat to human health, a hypothetical (generic) nisk assessment has also been
provided that uses genenic exposure pathway assumptions based on future reservoir use
conditons This generic risk assessment does have limitations 1n that only plutonium 1s assessed.
This assessment 1s provided 1n Appendix C, and includes discussions of the relative dufference
in nisk based on plutomum concentrations in exposed or resuspended sediments of 0.01 pCy/g,
01 pCy/g, 1 pCi/g, and 10 pCy/g. The reader may compare the calculations for each pathway to
assess 1f there 1s agreement between the qualitative description of nisk from each pathway with
the nsk calculated for that pathway in Appendix C.

All of the data reviewed (see Section 6.0, Appendices A and C for a list of references) indicate
that radionuchides 1n reservorr and stream sediments are the only contamunants of concern at
Sites 200-202 which can be attributed to RFP historical releases Some media specific analyses
of plutomum and other radionuchides present at the RFP, such as americium-241, have been
performed at Great Western Reservorr and Standley Lake (Appendix D, Document D-5).
However, only plutonium will be addressed specifically 1n this qualitative risk assessment and
in the generic nsk assessment (Appendix C), since the potential exposure pathways for the
radionuchides of concern are sumilar (although significance may vary), and sigmficantly more data
would be needed to quantitatively address the nisks of these other radionuchdes. A more
comprehensive assessment of all contamunants of concern and of the potential exposure pathways
will be performed during the scheduled RFI/RI activities

42 QUALITATIVE ASSESSMENT CONCEPTUAL APPROACH
Since there 1s no existing RFI/RI document, this qualitative risk assessment uses hazard rankings

(Sections 451 and 47 1) nstead of plutomum concentration values, transport equations and
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receptor dose calculations to make judgements concerning relatve magnitude of specific media
occurrence, release probabiliies, potential routes of uptake and the ulimate 1mpact on a human
receptor. As discussed, a genenic quantitative risk assessment 1s also included in Appendix C,
so that the relanve magmitude of the qualitanve hazard ranking can be compared with the
numerical magmtude of the exposure pathway analysis provided 1n Appendix C.

The EPA Rusk Assessment Guidance (RAG) document states that a completed exposure pathway
must have the following four elements (EPA, 1989).

s A source and mechamism of chemical release to the environment

An environmental transport medium for the released chemical (air, ground water, etc )

A point of potential human or biota contact with the contaminated medium (exposure
pont)

A mode of uptake at the exposure point (ingestion, inhalation, or dermal contact).

If any of these elements are absent, there 1s no resultant human exposure and consequently no
nsk For the purposes of this assessment, the term completed exposure pathway will be used

only when all four of these elements are present

The qualitative nsk assessment presented 1n this report has been developed as follows*

Toxicity Assessment (Section 4 3)
The human health nisks associated with radiation exposure are briefly descnibed, with emphasis

on exposure to plutomum. A more rigorous toxicity assessment will be performed as part of the
scheduled RFI/RI activities, once adequate site-specific data have been collected.

Source Term (Section 4 4)

The source term describes the amount and distribution of contamunant (plutomum) found 1n the
reservorrs  For Sites 200-202, the source term corresponds to plutomum concentrations in the
reservoir sedaiments The concentration of plutonium 1n the sediments, and the depths at which

1t 18 found, affects the magnitude of any release into other media. A more comprehensive
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characterization of the extent and magmtude of all contaminants of concern will be performed
as part of the scheduled RFI/RI activities

Potential Exposure Pathways (Section 4 5)
Potential exposure pathways for Sites 200-202 are 1dentified based on historical information, and

site and contaminant characteristics The relative importance of any individual potential exposure
pathway 1s then assessed by esumating the magnitude of potential exposure, the frequency and
duration of these exposures, and the media-specific pathways by which humans are potentially
exposed. The magmtudes of potential exposures are based upon the sediment contamination
being a contamination source for other media Media-specific pathways for the current reservoir
use condition (described mn Section 2 0) are qualitatively assessed 1n this section for therr relatve
1mportance to exposure routes leading to human uptake

Exposure Routes (Mode of Uptake) (Section 4 6)

The vanous routes of plutomum uptake by humans and other organisms important to human
exposure are identified and ranked by relative importance to the risk assessment. The risks
associated with potential points of human contact are qualitatively assessed based on all idenufied
exposuﬂe pathways. A description of the behavior of plutontlum 1n biological systems 1s included
in this section Exposure routes for the current land use condition are qualitatively assessed 1n
this section for therr relative importance to the risk charactenization It 1s recogmzed that the
ranking of the exposure routes 1s highly dependent upon the contaminants of concern, and that
the rankings developed 1n the quantitative nisk assessment (based on more site-specific data) may
vary from those presented 1n this report.

Risk C];aractenzauon (Section 4 7)

The elements developed in preceding sections are combined into a site-specific risk
characterization, which evaluates the concentration of plutomum 1n each meda, 1ts likehihood for
transport to other media, and 1ts hikelthood to impact a human receptor based on current land use
condiions The potential exposure pathways are systematically examined, and those which do
not meet the criteria of a completed exposure pathway based on current reservorr use conditions

(using existing information) are eliminated from the risk assessment. Agamn, the elimination of
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pathways from this qualitative risk assessment does not ehiminate these pathways from being
evaluated during the scheduled RFI/RI activities

4.3 TOXICITY ASSESSMENT
The purpose of a toxicity assessment 18 to weigh available evidence regarding the potential for

particular contamunants to cause adverse effects in exposed individuals and to provide, where
possible, an estimate of the relationship between the extent of exposure to a contamunant and the
increased likelihood and/or severity of adverse effects A toxicity assessment 18 rather
straightforward for radionuchdes, since the type of effects and the hikelihood of occurrence of
any one of the number of possible adverse effects from radiation exposure depends on the
radiation dose The following provides a summary of human and experimental animal data that
establishes the hazards of radiation exposure

431 Hazard Idenufication

The foundation of any risk assessment 18 that two condiions must be met for a rnisk to be present:
1) a hazard (presence of a toxic substance at a concentration where exposure can result 1n a
toxicologically significant dose) must be present, and, 2) exposure (of a receptor) to that hazard
must occur. If either factor 1s absent, the hazard or the exposure, there 1s no nisk. In simple
mathematical terms, the risk 1s equal to the potency (a measure of the hazard) imes the effective
dose (a measure of the exposure)

Hazards associated with chemucals are described toxicologically 1n terms of exposure mode and
duratnon. Modes of environmental exposure are characterized as inhalation, ingestion, and direct
contact (dermal absorption)

In addition to these exposure categories, health effects are divided into two main categories
health consequences that may occur at any exposure level greater than zero (carcinogenicity), and
health effects which will not be elicited unless the constituent concentration i1s above some
threshold level (non-carcinogens). For these sites 1t 1s assumed that the radionuchide
concentrations present will pose a potential of only a carcinogenic hazard to the public as stated
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by EPA, and may be used as the sole basis for assessing the radiation related to human health
nsk at Sites 200-202 (EPA, 1989).

Because carcinogenic effects are believed to be imtiated at the molecular level, current regulatory
policy 1s based on the concept that there 1s no fimite dose or threshold below which carcinogens
do not exert a potential effect. In the case of chemicals exhibiting non-carcinogemc effects, 1t
is believed that organisms have protective mechanisms that must be overcome before the toxic
endpoint 1s manifested.

In determuning health nigks associated with chronmic exposure to toxic materials, two categories
based on the nature of the health consequences exist. For all health effects associated with
chronic exposure to non-carcinogenic toxic materials there 1s some threshold concentration below
which the 1mpact will not occur; however, there 1s no threshold concentration for carcinogenic
toxic constituents Matenals that are carcinogenic may also induce other health effects which

occur at a lower concentration

In order to evaluate the potential nsks posed by plutonium, 1t 1s important to understand the
toxicity hazards of radiation for different exposure routes Radiation 1s defined as the transfer
of energy from one place to another Heat, sound, and hght are radiation but do not carry
enough energy to break the atomic bonds of molecules; however, 1omzing radiation, when
interacting with matter, has sufficient energy to break the atomuc bonds of molecules, and
produce (emut) an ejected electron and a positively charged 10n  Iomzing radiation may be 1n the
form of particles or electromagnetic waves

The principal adverse biological effects associated with 10mzng radiation exposures from
radioactive substances in the environment are carcinogenicity, mutagenicity, and teratogenicity
Carcinogenicity 18 the ability to produce cancer Mutagemicity 1s the property of being able to
induce genetic mutation, which may be in the nucleus of either somatic (body) or germ
(reproductive) cells Mutations 1n germ cells lead to genetic or inhented defects Teratogenicity
refers to the ability of an agent to induce or increase the incidence of congemtal malformations

as a result of permanent structural or functional deviations produced during the growth and
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development of an embryo (more commonly referred to as birth defects) Radiation may induce
other deleterious effects at acute doses above about 100 rem, but doses of this magnitude are not
normally associated with radioactive contamination 1n the environment.

Iomizing radiation causes mnjury by breaking molecules into electrically charged fragments
(1.e, free radicals), thereby producing chemucal rearrangements that may lead to permanent
cellular damage The degree of biological damage caused by vanous types of radiation varies
according to how spanally close together the iomzatons occur. Iomzing radiattion from
plutonium (e g., alpha particles) produces high density regions of 10mzation. For this reason, they
are called high-LET (hnear energy transfer) particles Other types of radiation (e g, x-rays,
gamma rays, and beta particles) are called low-LET radiations because of the low density pattern
of 1onization they produce. In equal doses, the carcinogenicity and mutagemcity of high-LET
radiations may be an order of magmtude or more greater than those of low-LET radiations,
depending on the endpoint being evaluated. The vanabihity in biological effectiveness 1s
accounted for by the quality factor used to calculate the dose equvalent. This vanability has
been accounted for 1n the generic nisk assessment developed in Appendix C.

4.32 Carcinogenesis
An extensive body of literature exists on radiation carcinogenesis in man and animals. This

literature has been reviewed most recently by the Umited Nations Scientific Commuttee on the
Effects of Atomuc Radiaion (UNSCEAR) and the National Academy of Sciences Advisory
Commuttee on the Biological Effects of Iomzing Radiations (NAS-BEIR Commuttee) (UNSCEAR,
1977, 1982, 1988, NAS, 1972, 1980, 1988). Estimates of the average nsk of fatal cancer from
low-LET radiation from these studies range from approximately 0 007 to 0.07 fatal cancers per
100 rem.

An increase i cancer incidence or mortality with increasing radianon dose has been
demonstrated for many types of cancer in both human populations and laboratory animals
(UNSCEAR, 1982, 1988, NAS, 1980, 1988) Studies of humans exposed to internal or external
sources of 1omzing radiation have shown that the incidence of cancer increases with increased
radiation exposure This increased incidence, however, 1s usually associated with appreciably
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greater doses and exposure frequencies than those encountered 1n the environment. Therefore,
nsk estumates from small doses obtamned over long periods of time are deternuned by
extrapolating the effects observed at high, acute doses. Malignant tumors 1n various organs most
often appear long after the radiation exposure, usually 10 to 35 years later (NAS, 1980, 1988,
UNSCEAR, 1982, 1988) Radionuclide metabolism can result in the selective deposition of
certain radionuchides in specific organs or tissues, which, 1n turn, can result in larger radiation

doses and higher-than-normal cancer risk in these organs.

JIomzng radiation can be considered pancarcinogenic, 1 € , 1t acts as a complete carcinogen 1n that
1t serves as both imtiator and promoter, and 1t can induce cancers 1n nearly any tssue or organ
Radation-induced cancers 1n humans have been reported 1n the thyroid, female breast, lung, bone
marrow (leukemia), stomach, liver, large intestine, brain, salivary glands, bone, esophagus, small
mtestine, urnary bladder, pancreas, rectum, lymphatic ussues, skin, pharynx, uterus, ovary,
mucosa of cramal sinuses, and kidney (UNSCEAR, 1977, 1982, 1988, NAS, 1972, 1980, 1988).
These data are taken primanly from studies of human populations exposed to hgh levels of
radiation, including atomic bomb survivors, underground muners, radium dial painters, patients
mjected with thorotrast or radium, and patients who received high x-ray doses during various
treatment programs Extrapolation of these data to the much lower doses that the public would
be exposed to at Sites 200-202 1s the major source of uncertamnty in determining low-level
radiation risks (see EPA, 1989a) It 1s assumed that no lower threshold exists for radiation

carcinogenesis

On average, approximately 50 percent of all of the cancers induced by radiation are lethal. The
fraction of fatal cancers 1s different for each type of cancer, ranging from about 10 percent in the
case of thyroid cancer to 100 percent 1n the case of liver cancer (NAS, 1980, 1988) Females
have approximately two times as many total cancers as fatal cancers following radiation exposure,

and males have approximately 1 5 times as many (NAS, 1980)
Cancer slope factors (CSF) for the ingestion and inhalation of radionuclides likely to be found
at Sites 200-202 are presented in Table B1 CSFs are esumated with mathematical extrapolation

models, which extrapolate the effects (cancer-induction) seen at high doses to potential effects
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at low doses. The CSFs for radionuclides are considered "best estimates," while slope factors
for chemicals are computed at the 95 percent confidence level Unit risk estimates for inhalation
and oral exposure can be calculated by dividing the appropriate slope factor by body weight (70
kg standard) and muluplying by the inhalation rate (20 m*/day) or the water consumption rate
(2 l/day), respectively, for nisk associated with umt concentration 1n air or water (EPA, 1990a).
This method for determining risk will be used for any significant exposure to a radionuchide

4.3.3 Mutagenesis
Very few quantitative data are available on radiogenic mutations in humans, particularly from

low-dose exposures. Some mutations are so mild they are not noticeable, while other mutagenic
effects that do occur are simlar to nonmutagemc effects and are therefore not necessarily
recorded as mutations The bulk of data supporting the mutagemc character of 10mzing radiation
comes from extensive studies of experimental ammals (UNSCEAR, 1977, 1982, 1988; NAS,
1972, 1980, 1988). These studies have demonstrated all forms of radiaton mutagenesis,
including lethal mutations, translocations, inversions, nondisjunction, and point mutations.
Mutation rates calculated from these studies are extrapolated to humans and form the basis for
esumating the genetic impact of i1omzing radiation on humans (NAS, 1980, 1988 UNSCEAR,
1982, 1988) The vast majority of the demonstrated mutations 1n human germ cells contribute
to both increased mortality and illness (NAS, 1980, UNSCEAR, 1982) Moreover, the radiation
protection community 18 generally n agreement that the probability of inducing genetic changes
increases linearly with dose and that no "threshold" dose 1s required to imnate hentable damage
to germ cells

The incidence of serious genetic disease due to mutations and chromosome aberrations induced
by radiation 18 referred to as genetic detiment. Serious genetic disease includes inhented 1ll
health, handicaps, or disabiities Genetic disease may be manifest at birth or may not become
evident until some time in adulthood. Radiation-induced genetic detriment includes impairment
of hfe, shortened life span, and increased hospitalization The frequency of radiation-induced
genetic impairment 18 relatively small 1n comparison with the magmtude of detriment associated
with spontaneously anising genetic diseases (UNSCEAR, 1982, 1988)
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4.3.4 Teratogenes:s
Radiation is a well-known teratogenic agent. The developing fetus 1s much more sensitive to

radiation than the mother. The age of the fetus at the ime of exposure 13 the most important
factor 1n determuming the extent and type of damage from radiation The malformations produced
in the embryo depend on which cells, tissues, or organs in the fetus are most actively
differentiating at the tume of radiation exposure Embryos are relatively resistant to radiation-
induced teratogemc effects during the later stages of their development and are most sensiive
from just after implantation untl the end of organogenesis (about two weeks to eight weeks after
conception) (UNSCEAR, 1986, Brent, 1980). The bramn appears to be most sensiive during
development of the neuroblast (these cells eventually become the nerve cells). The greatest risk
of brain damage for the human fetus occurs at 8 to 15 weeks, which 1s the ime the nervous
system 18 undergoing the most rapid differentiation.

435 Summary
In general, there are two distinct human hazards presented by radiation, those of external and

internal radiation exposure. External radiation exposure 18 due mainly to gamma ray emissions
from radioactive decay. Although plutonium does produce x- and gamma rays, they are very
weak and only comprise a small percentage of the total energy emutted. Therefore, this risk
assessment does not consider external radiation exposure as a hazard from Sites 200-202
Plutonium does, however, present an internal radiation hazard, pnmanly from inhalation and
mngestion The nhalation of plutonium can lead to the deposition and retention of radioactivity
1n the lung, and produce continual, localized internal 1rradiation of lung and other body tissues
for extended periods of ime. Ingestion of contamnated foodstuffs 1s another pathway that can
contribute to deposition and retention of radionuclides in the body

The following summarizes the important properties of plutonium®®:

Physical half-life: 2 44x10* years

Sources: used 1n nuclear weapons

Principal modes and energies of decay in million electron volts (MeV). alpha 5.06 (11%)
5.13 (17%) 5 15 (73%)
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Special chemucal characteristics: member of the actimide series of rare-earth elements
Forms insoluble fluonde, hydroxides, and oxides Oxidizes rapidly on exposure to air to
form plutomum dioxide (PuQ,).

Cnucal Organs: bone and hiver

Atomic number: 94
Physical form silvery-white metal
Meltung pont. 680°C

Plutomum 1s primanily an alpha particle emitter An alpha particle 1s essentially a helium nucleus
without orbital electrons. It 1s composed of two protons and two neutrons with a charge of plus
two Since these alpha particles have a relatively large mass and +2 charge, they react strongly
with matter, and create a large amount of 10omzation 1n a very short distance However, even
alpha particles with the high kinetic energies of plutonmium travel only about 1.6 1n (4 cm) 1n aur,
and can be stopped by a piece of paper, or the outermost layer of dead skin Alpha particles
therefore do not present an external exposure hazard. These same properties do however produce
much more cellular damage than an equivalent amount of gamma energy, if both alpha and
gamma are internally deposited. The range of penetration of a plutomum alpha particle 1n tissue
1s approximately 100 micrometers (um) (3 9x10 1n), indicating that an alpha particle retained
in the body will deposit 100 percent of 1ts 1omzing radiation to localized tissue The concepts
developed 1n this section describe the various ways plutonium can enter the body (exposure
routes), and the relattve nisk of each mode of uptake For the purposes of this qualitative risk
assessment as well as the genernic nisk assessment 1n Appendix C, 1t 18 assumed that the insoluble
form of plutonium, plutonium dioxide (Pu(,), will be the predomunant radionuclide available for
biological uptake. This assumption 1s based on a vanety of studies (Eisenbud, 1987, Bair, 1973,
McClellan, 1972, Romney, 1972) that indicate plutonium will oxidize 1n an environmental seting
and thus form insoluble compounds. Although only the EPA Health Effects Assessment
Summary Tables (HEAST) were used for this qualitative assessment, more sophisticated sources
may be used during the quantitative risk assessment.

44 SOURCE TERM

For purposes of this nsk assessment, the potential source term for Sites 200-202 1s taken as the
plutonium-contaminated reservorr/lake sediments within the three reservoirs An examination of
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TABLE 4.1

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM

Source. Rockwell, 1985b

| " Spectfic Alpha

; Relative Weight Acuvity

| pu23s 0.01 17.1 — 000171 |
| Pu239 9379 00622 - 005834 |
| Pu2a0 5 80 0228 - 0.01322 l
R 036 - 103 5 0.37260

| pu2a2 003 000393 -~ 1.18x10° '
[ Am2a p 32| - —~

* Relative activity 1s obtained by multiplying the percent by weight by the specific activity.

Total activity for the plutonmum 1sotopes 1s:

Alpha 0 0732 curnes/gram
Alpha plus Beta 0 446 curies/gram

® Am-241 daughter from decay of Pu-241

RFPapr199 r 58

032291




Agan, an examunation of the data presented in Appendix A concludes that the information
necessary to perform a nigorous exposure pathway characterization was not contained 1n any of
the existing reports. Although answers to the above questions cannot be obtained from the
existing information, 1t 1s possible to identify likely site-specific release mechanisms and transport
media based on the genenic risk assessment presented 1n Appendix C. Charactenization of all
potential exposure pathways will be performed during the RFI/RI activities

4.5.1 Potential Exposure Pathways at Sites 200-202
Figure 3-1 1dentfies all of the various potential transport media which exist at Sites 200-202,

along with therr associated primary and secondary release mechamisms Section 30 also
describes plutomum fate and mobility 1n the environment, and concludes that for conditions at
Sites 200-202, plutomum 1s highly mnsoluble in ground water and surface water, and bonds
strongly to the bottom sediments. As stated previously, a completed exposure pathway must exist
for a hazard to be conveyed to the receptor Judgements based on existing data indicate that
many of the potental transport media and release mechamisms 1dentified thus far do not form a
completed pathway, and therefore do not pose a nisk to human health. The only credible
completed exposure pathway based on current land use for Sites 200-202 1s shown 1n Figure 4-1
Although other pathways are addressed in this report (and will be charactenized in the RFI/RI)
they are not considered 1n the determunation of qualitative risk

Primary and secondary release mechanisms for the current land use scenario are grouped with
transport media (Table 4 1) to determune theiwr probability of transporting plutonium in the
environment based on the following probability ranking

1 High -- historic records or physical charactenistucs of Sites 200-202 indicate that

plutonium has a high probability of being released by this mechanism or transported by
this media

2 Moderate -- a possibility exists that plutomum may be released by this mechamism or
transported by this media (airborne, fugitive dust, surface runoff).

3 Low -- the likelihood 1s that this release mechamsm or transport media does not provide
any sigmficant possibility of release or transport 1n the environment (fugitive dust)
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4 Neghgble -- all historic data and physical characteristics of plutonium indicate that this
18 not a credible release mechanism or transport pathway for plutonium (ground water,
surface water, biotic uptake)

The following sections discuss some of the release mechanisms and transport media in more
detail

4.5.11 Identfication of Release Mechanisms
The potential exposure pathways are identified in the pathway analysis as shown in Figure 3-1
and Table 31 The potential prnmary release mechamisms include

Fugitive dust (wind erosion)

Darect contact through recreational use
Darect fugiive dust from sediments
Wind stripping of water

Reservorr discharge

Drinking water withdrawal
Infiltration/percolation

Biouc uptake

The potential secondary release mechamisms include:

Settled dust - plants

Settled dust - so1l (leading to possible airborne dust)
Settled dust - water

Biotic uptake of surface water

Surface water deposition

Surface water urigation

Surface water infiltration

Surface water evaporation/lowering (leading to possible airborne sediments)
Ground water seepage

Ground water pumpage

Drninking water

Precipitates from treatment plant

Showering/bathing

4512 Identification of Transport Media
A physical examination of Sites 200-202 and an historical review of the records for the site

indicate that the primary transport media for plutonium 1s the fugitive dust release from exposed
sediments Numerous possible primary release mechanisms are listed above, but 1t 1s the fugitive
dust release mechanism that causes the greatest impact on the secondary transport media of air
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For Sites 200-202, the potential secondary transport media for plutonium includes surface water,
groundwater, treatment plant effluent and precipitates, and biotic uptake. Figures 4-2 and 4-3
provide some 1ndication of the populations which are downwind of Sites 200-202, and which

could potentially be impacted by fugitive dust releases The RFI/RI will address the populations
at nisk 1n detail

The following discussion provides a more detailed description of the various transport media and
release mechanisms which are of primary interest. As has been stated, all of the potential
exposure pathways will be evaluated 1n the scheduled RFI/RI activities.

Soil Reentrainment

The general principles of atmospheric fate and mobility of plutonium are described 1n
Section 322 However, a further explanation of atmospheric transport parameters 1s offered 1n
this section because inhalation and ingestion of plutontum particles from reentrained sediments
18 considered to be the most probable means of human exposure adjacent to Sites 200-202 The
principal mode of transport of plutonium particles 1s direct arrborne movement from the
Sites 200-202 exposed sediments, either by uplift or particle impact, or by resuspension of
previously deposited small particles by wind action or other disturbances (EPA, 1990b)

Drrect action of air moving past a particle may exert enough force to accelerate the particle,
causing 1t to roll along the surface or to be lifted up and moved 1n the ar stream A second
mechanism of 1mtiating particle movement can also be itiated through the impact of airborne
particles with particles on the ground Particles on a solid surface which have chemical and
physical properties different from the base matenial have adhesive contact to the substrate. For
resuspension to occur with this scenario, the force on the particle must be equal to or greater than
the force holding the particle to the surface Several factors are known to influence particle

cohesion
* particle matenal
* s1Ze
o shape
 surface roughness
¢ relative humdity of the ambient air
o presence of electrostatic charge
¢ nature and physical charactenstics of the substrate
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The primary meteorological factors which influence the suspension of matenal from ground
deposits are wind and ground surface moisture The amount of matenal that can be carned 1n
the air currents 13 dependent on the density, velocity, and viscosity of the air

Particles that are dislodged from the ground surface can then move 1n three ways suspension,
saltation, and surface creep. Suspension occurs when upward wind eddies counteract free fall,
allowing transport of the particle at the average forward speed of the wind. These particles are
generally less than 0 1 millimeter (mm) 1n diameter and are redeposited via ramnout or gravity
after the wind subsides. Particles between 0.1 mm and 0 5 mm 1n diameter move by a series of
short bounces called saltation Larger particles between 0 5 mm to 2 and 3 mm 1n diameter can
roll and/or shde along the surface in what 1s called surface creep Particle movement
predominantly occurs by saltation.

For purposes of this qualitative assessment, 1t 15 assumed that any free plutonium 1n the reservorr
sediments has been subject to weathering and aging. Previous RFP studies (Krey and Hardy,
1970, Whicker et al , 1974) and general textbooks (Wick, 1967) support this statement concerning
the weathering of plutonium in the environment Additional studies are needed as part of the
scheduled RFI/RI activities to venify this assumption. Among the parameters which most
influence the movement of soi1l by wind are the space and ime vanation of the sediment particle
size distnbution Considering the lack of data on plutomum distribution in the reservoir
sediments, a conservative assumption for both the qualitative and generic risk assessment 15 that
all airborne plutomum generated by exposed sediments 1s of a respirable particle size

The area of highest concentration of plutomum in Great Western Reservorr and Standley Lake
appears to be 1n the deep water areas where the greatest sedimentation rate has occurred. The
areas of mimmum plutonium concentrations seems to be the shallow water and shoreline arcas
These shallow water and shoreline areas have the greatest potental to dry up and allow for
potential reentrainment of sediments into the atmosphere There 1s little doubt that fugitive dust
1s generated from the shoreline sediments at these reservoirs However, since the plutomum

concentrations 1n these areas are generally at or below CDH guidance concentrations for surface
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souls, 1ts nisk via the nhalation pathway 1s judged to be mimmal Based on the information
presented 1n this document, the following statements can be made-

1. The location of highest plutonium concentrations tend to be 1n the deepest part of the
reservoirs This conclusion may or may not be true for Mower Reservoir

2 The location of the lowest plutonium concentrations tend to be along the shoreline and
shallow water areas of the reservoirs These areas are the most likely to be subject to
drying and reentrainment of sediments into the air

3 Sediment sampling results indicate that a discrete contamination layer exists at both
Great Western Reservoirr and Standley Lake, but has been buried by subsequent
sedimentation Sampling results indicated however, that there is plutonium located at
the surface of the sediment.

4 The plutomum 1s strongly bound to the sediments and will not easily resolubilize.

5. It 1s possible that the reservorr levels may drop, exposing the deeper plutonium-
containing sediments to drying, however, 1n general, this exposed beach area would
produce a crusty, platelike surface which would require pulverization for the sediments
to become awrborne It 1s plausible that vehicular traffic could produce this
pulverization If reservoir levels remain low, long-term weathering could also
eventually provide means for reentrainment.

Based on the current use of the reservorrs, the low concentrations of plutomium 1n the sediments,
and 1ts general lack of mobility 1n the environment, 1t 1s judged that the no-action alternative for

the sediment-inhalation exposure pathway presents a low risk to the public

Plutomum Uptake 1n the Food Chain
As described 1n Section 3 0, plutomum forms relatively insoluble compounds 1n the environment

and 1s therefore not generally considered ecologically mobile (Eisenbud, 1987) Since plutomum
has no known biological function, it can only be passively incorporated into organisms, mamnly
by physical processes such as surface contact, inhalation, and ingestion of plutomum adsorbed
to the surfaces of plants and zooplankton The generic risk assessment in Appendix C does take
into account food chain transfer and foliar deposition of plutonium leading to human uptake The
Standley Lake fish study (Appendix D, Document D-11) indicated that no bioconcentration and

bioaccumulation 15 occurring 1n fish species at the reservorr.
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Ground Water and Surface Water

With regard to water quality, the need for potential site remediation should be based largely on
the evaluation of current and potential risks to the public who may use the surface or
underground aquifer as a source of drinking water A key evaluation criterion 1n selectng
remedial measures at Sites 200-202 should be the extent to which alternatives mutigate off-site
exposure via the ground water/surface water pathway 1if 1n fact exposure 1s occurring All data
reviewed to this point indicates that the ground water/surface water interactions in and around
all three reservoirs should not result in any detectable amount of plutomum 1n ground water.
This statement 1s based on historic data from numerous RFP on-site wells which are located 1n
areas of documented contaminated pond leakage With one exception, 1n no case has there been
detectable concentrations of plutonium 1n ground water If no impact 1s seen 1n this worst-case
situation 1t 1s highly unlikely that the reservoir sediment interactions will impact ground water
This judgment will not be used to eliminate potential exposure pathway from evaluation during
the scheduled RFI/RI acuvities

The surface water quality momtoring results indicate that plutonium concentrations are far below
regulatory limuts for the reservoirs (Section 20) It 1s important to note that these measured
concentrations are just above the analytical detection limit, and well below the EPA or CDH nisk-
based limuts for drinking water In the absence of site-specific data (which will be collected
during the RFI/RI), only a relative measure of hypothetical nsk may be discussed for the ground
water/surface water exposure pathway Based on the information presented in this document, the
following conclusions can be drawn

1 The sediments 1n all three reservoirs contribute little or no plutonum to the ground
water/surface water

2 All sampling data from the reservoirs indicate that no bioaccumulation of plutonium 18
occurning in water plants, phytoplankton or fish

3 Plutonium rapidly and almost wrreversibly attaches 1tself to clay sediments, and there 1s
no evidence of post-depositional migration of plutonium through the sediment. This
leads the conclusion that plutonium 1s not readily available for remixing 1n the water,
even under lake turnover conditions

4 All surface water quahity monitoring data for plutonium in and around the three
reservorrs are well below CDH and EPA regulatory standards
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5 Most importantly for evaluating receptor nisk, tap water samples were taken from the
communities that utihize the reservoirs as a source of drinking water The results of this
momnutoring indicate concentrations of plutomum 1n drinking water that are just above
or below the analytical detecion limit, and well below CDH and EPA regulatory
standards.

Based on these conditions, 1t 18 determined that the no-action alternauve for the ground
water/surface water pathway at reservoirs presents a negligible hazard to the public

EXPOSURE ROUTES FOR NT AND FUTURE LAND USE CONDITION
The three exposure routes (routes of entry) which can lead to internal radiation exposure are
mnhalation, ingestion, and dermal contact. The two primary exposure routes of plutonium uptake
that could most hikely lead to internal radiation exposure are the mnhalation and ingestion of
radioactive matenials. Dermal contact 1s not considered a sigmificant exposure route (Section 4.3).

The estimation of organ burden and exposure, as well as of the resuling dose rates and doses,
due to uptake by these pathways 1s based on the use of mathematical models which depend on
many parameters Internattonal Commussion on Radiation Protection (ICRP) publications ICRP
30 (ICRP, 1988a), ICRP 31 (ICRP, 1980), and ICRP 48 (ICRP, 1988b) provide the cntena
necessary to calculate the commtted effective dose equivalent for both occupational workers and
the general public This section will show that the magnitude of the dermal contact/ingestion
pathway 1s mnsignificant when compared to inhalation

461 Inhalation
The nhalation of an aerosol carrying radionuchdes 1s a potential mechamism for damage to the
resprratory tract as well as a possible pathway for the translocation of inhaled radiocactive matenal
to other reference organs The complexity of the biological phenomena which govern
transmussion and elimination of such matenal complicates the assessment of potential health
effects due to mnhalation of radioactive material Factors which must be included are
1 The fractional deposition of inhaled material in the respiratory tract depends on
properties of the aerosol size and mass distribution, chermcal form, and charge, as well
as on the breathing rate and such physiological characteristics of the lung as 1its surface

properties and configuration For the purposes of this qualitative risk assessment, 1t 18
assumed that 100 percent of the plutomum 1n dust 1s available for uptake
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2 The duration and extent of the exposure depends on the biological and physical
mechamisms which transport the deposited material and 1ts decay products within the
body. These include the various clearance paths, the nuchide half-hves, the chemcal
form, the solubility, and the degree of retention 1n each organ of interest.

3 The dose depends on the duration, of the activity of both parent and daughter
radionuchdes 1n the organ, the organ mass, the emutted energy of each nuclide, and the
fraction of that energy absorbed by the organ tissues

The inhalation mode of exposure has long been recognized as being of major importance for
radicactive matenials The model used in Appendix C to calculate a generic plutonium risk
assessment for current use indicates that for conservative assumptions, the contribution of the
nhalation pathway comprises 97 percent of the total nsk. This route provides a direct pathway
for alpha particles to enter the sensittve organ which 1s the lung. The lung 1s the organ of
primary concern when assessing the risks from plutonium 1n soil (EPA, 1990b).

When 1nhaled, plutonium 1s retamned in the lung with an effective half-life that varies from
hundreds of days for plutomum oxides (Y class) to tens of days for more soluble forms (W
class) A sigmficant portion of the insoluble plutonum oxide that leaves the lung 1s translocated
to the tracheobronchial lymph nodes. Inhaled soluble plutonium 1s translocated to the iver and
skeleton where 1t 1s very strongly retamned (Baiwr, 1973) This 15 in contrast to the ingestion
pathway, where the gut wall acts as a barrier to plutomum absorbed by blood.

Inhalation 1s the most common pathway by which plutonium can cross the barners of the body
and penetrate 1into and across living cells The aerodynamuc particle size of the aerosol, which
accounts for not only the sizes of the particles but also their density and shape, determines the
fractional deposition and sites of deposition in the respiratory tract The bioavailabiity of
plutomium adsorbed to particles often depends on this aerodynamic particle s1ze Particles with
a diameter greater than 5 microns usually become imbedded in the mucous of the pharynx,
trachea, or bronchi. The mucous 1s swept up the respiratory tract and swallowed. Therefore, the
residence time of 1nhaled plutomum 1n the nasopharyngeal and tracheo-bronchial regions 1s short.
The absorption efficiency of these large particles depends on the gastrointestinal absorption
efficiency, which 1s extremely low for plutonium (Section 4 6 2). Consequently, inhaled particles
that are subsequently ingested reduce the magnitude of the inhalation pathway The subsequent
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rates and routes of clearance, the translocation to, deposition 1n, and rate of clearance from other
tissues; and the excretion 1n urine and feces of plutomum depend on particle size, solubility,
density, shape and other physicochemical charactenistics of the plutomium aerosol The radiation
dose delivered from an inhaled radionuclide 1s a function of the transportability of the particular
chemical form from the lung to other organs of the body Chemical forms of radionuclides are
classified as Class D, W, or Y from most transportable to least transportable, respectively The
ICRP has determined the solubility class for various plutonium compounds (ICRP, 1988a) These
are.
¢ Class D (days) - no plutonium compounds

¢ Class W (weeks) - all plutonium compounds except oxides
s Class Y (years) - oxides (PuO,)

Environmental sources and airborne releases of plutonium are lhikely to be 1n the oxide form
(EPA, 1990b) Class Y plutonium refers to the solubihity and body retention of the radionuchde
This class 1s insoluble 1n the body and, if breathed in, tends to be retamned in the lungs for
months to years As stated previously, PuQO, 1s considered to be insoluble 1n the body, and thus
18 classified as Class Y plutomum.

462 Ingestion

The ingestion of radioactive matenial (soil, water) represents another pathway by which
radioactivity may be transferred internally to blood and, subsequently, to other organs While
a description of this pathway 1s simpler than for inhalation, due to the direct deposition of the
ngested material into the GI tract, evaluation of the balance of the biological-physical processes
mvolved 1s affected by the same uncertainties of biological parameters as were discussed for the
mhalation model In the ingestion model the critical transfer mechamsm 1s the absorption of
radioactive matenal into the systemic blood from the small intestine, however, the gastrointestinal
tract provides a substantial barner to the uptake of plutonum ingested with food or water. In
adult amimals less than 0 01 percent of ingested plutonium 1s absorbed from the intestnes (ICRP,
1988b) Inhaled plutomum will also be cleared from the lungs to the gastrointestinal tract, so
gastrointestinal absorption 1s a consideration. Values for the fraction, f; (GI absorption factor),
of ingested radioactivity transferred to blood have been studied in ammals and to a mited extent,
are stll subject to large uncertaintes which strongly affect projected doses to the reference
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mnternal organ. The ICRP lists an f, value of 1x10°® for oxides of plutonium, an f; value of 1x10*
for mitrates of plutomum, and an f; value of 1x10? for all other forms of plutomum (ICRP,
1988a). This indicates that the ingested plutonium will not easily transfer to other body
compartments.

For the genernic risk assessment (Appendix C), the ingestion pathway becomes more sigmificant,
and 1n fact may contribute the greatest percentage of nisk. This contnibution 1s due to utilizing
reasonable maximum exposure scenarios concermng resuspension of plutonium into the drinking
water supply.

4.6.3 Dermal Contact
Plutonium-239 and plutomum-240 are alpha emitters and hence only present a biological hazard

if they are transferred into a biological system, however, dermal absorption 18 not a major route
of exposure (EPA, 1990b). The dermal contact human transfer pathway for plutomum would
mvolve skin contamination and subsequent transfer into the body through an open wound or by
ingestion. Unbroken skin has been shown to be an effective barner to the penctraton of
plutomum, and dermal absorption coefficients cited 1n the hiterature are on the order of 5x107
(NRC, 1988). It 1s highly unlikely that soluble plutonium 1s present in exposed sediments at
Sites 200-202 1n concentrations that would lead to transfer through an open wound by skin
contammation Since the GI absorption factor 1s 1.0x10” for class Y (insoluble) plutonium,
human bio-uptake of plutonium soils by the dermal contact pathway and subsequent GI
absorption 1s not plausible

4,7 RISK CHARACTERIZATION
This qualitative nisk assessment 1s a systematic 1dentification of potential hazards of events that

could result 1n undesirable consequences, and 1s inherently basically subjecive The main
disadvantage of this qualitative approach 1s that it 13 difficult to make specific numerical
compansons among the nisks of different events or scenarios. However, as shown 1n Table 4 1,
hazards can still be grouped by relative importance to the nsk assessment (1 ¢ , critical, marginal)
and linked by magmtude of quahtative risk (1.e., high, moderate, low, neglhigible). Pathways and

release mechanisms that are classified as having critical importance to the nisk assessment would
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have a high probability of impacting a human receptor Those that have a marginal importance
have a very low probability of impacting a human receptor These groupings, coupled with the
nsk evaluation presented in Appendix C, also can be used to indicate that there is not any
immunent threat to human health from Sites 200-202.

4.7.1 Rusk Characterization Process

The nisk charactenization presented here evaluates the relative occurrence of plutonium 1n each
medha, 1ts hkelihood for transport to other media, and 1ts likelihood to impact a human receptor
The concepts developed 1n preceding sections are utilized to determine the magnitude of risk
(using existng information) based on the following ranking.

1. Hagh -- A significant potential hazard to human health exists based on historical data,
physical characteristics and/or present conditions

2 Moderate -- maximum credible assumptions of release mechamisms and exposure
pathways, 1t 18 possible that plutonium will be measured at the receptor point.

3. Low -- It 1s highly unlikely that a hazard to human health exists, using maximum
credible assumptons of release mechamisms and exposure pathways combined with
historical data, the physical characteristics of plutonium transport and present conditions

4 Neghgible -- The release mechanisms and completed exposure pathways are essentially
non-existant, therefore there 1s no risk to human health

47.2 Physical Model
Providing a reasonable estimate of internal radiaton doses due to inhalation and ingestion

requires that a consistent model for both the respiratory and gastromntestnal tracts be employed.
While a large amount of theoretical and experimental work on such models has been done, the
most widely accepted models that provide reasonable estimates of internal radiation doses have
been those developed by members of the respecuve ICRP working groups.

The proposed ICRP Task Group on Lung Dynamics (TGLD) model for the respiratory tract has
been well documented. Parameters suggested for use in the model have been extensively
reviewed and, to some extent, improved in ICRP publications (ICRP, 1988b, ICRP, 1980) The
ICRP TGLD proposed model comprises three major respiratory compartments. the
nasopharyngeal, the tracheobronchial, and the pulmonary Each of these major compartments 18
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divided 1nto subcompartments corresponding to vanous transfer mechamsms, which are treated
as essentially independent processes. In addition, the associated lymph nodes are appended to
the pulmonary compartment in one of the transfer chains. Direct deposition through inhalation
occurs to the three major compartments, with the fractional deposiion 1n each being a function
of the acrosol properties Subsequent transfer and/or clearance 1s governed by parameters
specified for each subcompartment.

For the calculation of soil/water ingestion, the ICRP gastrointestinal tract model can also be used
to determine internal exposure. The model comprises a four-compartment tract consisting of the
stomach, small intestine, and lower and upper large intestine.

4.7.3 Rusk From All Modes of Exposure
The chemucal forms of plutomum found in the off-site sediments at Sites 200-202 are highly

mnsoluble both 1n the environment and in the human body. Based on a review of exposure
pathways and routes 1t appears that for the current use scenario, the potential for human uptake
1s neghgible and poses a very low potential sk pathway 1n the qualitative model Developing
these concepts 1n tabular form, biological uptake mechanisms from all release pathways can be
ranked from the most likely to the least likely for the current and future land use scenario.

Exposure Route

Inhalation

Direct ingestion of soils
Inhalation then ingestion
Ingestion of dnnking water
Bioaccumulation

Dermal contact.

The last two routes are considered neghgible from a nsk standpoint based on current data.
Appendix C utilizes reasonable maximum exposure assumptions to look at potential nisk via the
pathways listed above.

A qualitative companson of pathway specific risk 1s provided by the EPA (EPA, 1990b). The
EPA has developed the following media-specific concentration-based umt risk factors for age-
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averaged lifetme excess total cancer per unit daily intake (exposure for 70 years) of Class Y
Plutomum-239:

Ruisk per Umt Concentration!

Soil Ingestion
1 pCvg

! The media-specific risks are based on standard man (155 pounds [70 kilograms]) intake rates
of
* 1706 ft'/day (20 m%day) inhaled air

s 0.6 gal/day (2 2 l/day) ingested hiquid
o 2.2x10* Ibs/day (0.1 g/day) ingested soil.

These values assume that all daily media exposure 1s derived from contaminated airborne fugitive
dust (706 f¢), surface water/surface runoff (06 gal water), and soil (2.2x10* 1bs) and that
exposure occurs continuously for a 70-year hfeume In other words, per umt concentration in
each media, the umt nsk 1s far greater from inhalation of dust in air than the other two
exposures, however, 1t should be kept 1n mund that umt concentrations 1n these media are not
comparable 1n terms of likelihood of occurrence In fact, the generic nisk assessment developed
i Appendix C indicates that for the future use residential scenano, the ingestion pathway would
contribute the sigmificant percentage of total nsk. Inhalation has been calculated to be the
primary risk for the no action alternatives for current land use

These umt risk factors use the same basic approach as other models (DOE, ICRP); however, the
EPA uses the model to denve nisk from each type of media. These nisk factors reinforce the
premuse that inhalation of plutonium (pCi/m®) has a much greater nisk factor than from ingestion
of water (pCi/l) or sediments (so1l) (pCy/g) Under current reservorr use, the air pathway from
Sites 200-202 produces a neghgible nisk to the public, therefore 1t can be inferred that other
pathways must also produce a neglgible risk.

This conclusion will be validated or refuted by calculation of a true site-specific quantitative rnisk
assessment during the RFI/RI
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48 APPLICATION OF RISK ASSESSMENT TO EACH RESERVOIR

In the previous sections, the reservoirs have been treated as one unit because of the similanties
of sources and pathways. The final critena, that of exposure point, 18 somewhat dissimilar for
the three reservoirs. The following sections discuss the source term, exposure pathways, uptake
mechamsms, and exposure point for each reservoir separately, While various exposure pathways
are discounted as part of the qualitative assessment of which pathways are most significant (based
on current data and judgement), all of the exposure pathways will be evaluated during the
scheduled RFI/RI activities

481 Great Western Reservoir

Unul recently, Walnut Creek emptied into Great Western Reservorr, which 1s the drinking water
source for the City of Broomfield. At full capacity, this reservorr 1s a maximum of 62 ft (19 m)
deep and covers 7.2x10° £ (668,000 m?) with a volume of 1 2x10°® ft* (3,430,000 m®) Except
during periods of heavy rain and runoff the reservorr 1s not filled to capacity. More typically,
the reservorr 1s maintained at about 43 ft (13 m) depth covering an area of 3 2x10° ft? (294,500
m?) with a volume of 4 1x10” f€ (1,162,000 m®)

Public access 1s restricted at the reservorr, and no recreational use of 1t 1s allowed. Histoncal
data indicates that the major source of plutonium present in the reservotr 1s from waste hquid
discharges from holding ponds that were transported by tributaries of Walnut Creek This
pathway has been ehminated. It 1s unclear if some fraction of the plutomum present in the
reservorr sediments 1s from the arborne pathway produced by the 903 Pad barrel storage area.
However, this pathway too has been effectively eliminated by institutional controls (construction
of an asphalt pad).

4811 Surface Water/Tap Water/Ground Water

All of the reservoir, domestic water, and background results are essentially the same within the
himuts of analytncal and sampling variations The results indicate that the sediment in the
reservorr 1s effectively immobilizing the plutonium and preventing its movement nto the
municipal drinking water The reservoir water passes through a filter plant prior to domestic
consumption, further reducing the likelihood that suspended silt contaimng plutonum could reach
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a receptor through the drinking water pathway. An extensive ground water monitoring system
on and around the RFP has been developed. The well locations on-site were selected to intercept
ground water 1n areas where potential contamination mght be expected. Well locations are near
holding, evaporation ponds, and creek beds. Monitoring wells 1n the buffer zone along the
castern boundary of the RFP have been sampled, and in no case have plutonium levels above
background been detected 1n any of the wells Although data are not available concerning
plutomum transport from Great Western Reservoir surface water/sediments to ground water, 1t
can be inferred that this pathway 1s not plausible. This suggests that soil/sediment 1s a good
medium for removing plutonmum from an aqueous media. Therefore, since surface water, ground
water, and tap water are not release mechanisms for plutonium transport in the environment, the
following pathways can be discounted 1n this qualitative risk assessment:
Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition
Surface Water — Irrigation
Surface Water — Infiltration
Surface Water — Fugitive dust wind erosion

Ground Water — Seepage
Ground Water — Pumpage

4 8.1.2 Reservoir Sediments

Sediment sampling has been performed at Great Western Reservorr on a number of occasions.
In an EPA study from 1973, peak plutonium sediment concentrations were detected at 4 5 pCv/g,
with an average of 14 pCyg 1n the upper 2 1n (5 cm) A Battelle study from 1974 detected
plutomum values ranging from 0 01-8 2 pCy/g Rockwell International conducted a sediment
study during 1983-84 using two different analyses In this case, peak concentrations were 6 1
pCy/g plutonium 1n the sediment. The highest concentrations of plutonium were found near the
inlet of the reservorr and along the dam where the greatest sedumentation rate has also been
found. This sedimentation rate has effectively buried the greatest concentration of plutonium 1n
a layer approximately 12-15 1n (30-38 cm) below the top of the sediment. Although at some
pomnt the reservorr will be emptied for repair, the qualitanve nsk of that scenario is not
specifically addressed in this document. Since 1t 1s possible that under normal conditions the
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reservorr level could drop and expose potentially contaminated shallow water sediments for
subsequent fugitive dust wind erosion, this pathway will remain 1n the qualitative nisk assessment

48 1.3 Spillway Sediments
The spillway sediment pathway has been examined, and the results indicate that sediments

accumulating within the spillway were well below the 09 pCi/g (0 03 Bqg/g) activity screening
level for souls adopted by CDH Durning periods when the reservorr 1s not at maximum capacity,
the sediment 1n the spillway 1s not submerged. The location of greatest depth of sediment 1s near
the stop logs of the entrance and sediment accumulation 1s at mmmimum at the southeast end of
the spillway. Although 1t 1s possible that these sediments could be the source of fugitive dust,

1t 18 not a release mechanism for plutonium transport in the environment. Therefore the

Lake/Reservoir Sediments — Reservoir Discharge — Surface Water — Fugitive Dust

pathway can be discounted 1n this qualitative nsk assessment

4814 Arr

No credible scenano exists that could produce an exposure pathway from wind stripping of the
surface water. As stated previously, although dried reservoir sediments present a possible
fugitive dust pathway from wind erosion, the source term (plutomum exposed sediments) 1s not
present under current conditions Therefore, the following pathway can be discounted 1n this

qualitative risk assessment.

Wind Stripping of Water — Air

4 82 Standley Lake
Standley Lake 18 a large body of water 43,000 acre-ft (5,300 hectare-meter) in volume located

approximately 2 mu (3.2 km) southeast of RFP’s eastern boundary. The reservorr 1s used as a
part of the munmicipal water supply for the ciies of Westminster, Northglenn and Thornton,
supporting approximately 185,000 persons In addition, the reservolr serves as a recreation area.

Boating, fishing, swimming, hiking and biking occur m and around the reservorr
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Standley Lake receives approximately 96 percent of 1ts water from Clear Creek via an 1rnigation
dutch, a water source that has no history of plutonium transport Woman Creek, an ephemeral
stream which also feeds Standley Lake, has been a pathway by which plutonium could mugrate
to the Lake Hustorical data indicates that another likely pathway exists from soil erosion within
the Woman Creek watershed and windblown plutomum contamination from the 903 Pad area
This pathway has been effectively ehiminated by institutional controls (construction of an asphalt
pad) However, the surface water-soil erosion pathway may conceivably stull exist. Studies of
Standley Lake sediments indicate that contamination 1s not ongoing, suggesting that the source
of plutonium from the Woman Creek watershed was the 903 Pad.

4821 Surface Water/Tap Water/Ground Water

All of the reservorr, domestic water, and background results are essentially the same within the
hmits of analytical and sampling variattons The results indicate that the sediment in the
reservorr 1s effectively holding the plutonium and preventing 1ts movement nto the municipal
dnnking water. The reservoir water passes through a filter plant prior to domestic consumption,
further reducing the likelthood that suspended silt contaiming plutonium could reach a receptor
through the drinking water pathway Extensive ground water monitoring wells on and around
the plant site have been developed. The well locations on-site were selected to intercept ground
water 1n areas where potential contamination might be expected. Well locations are near holding
ponds, evaporation ponds, and creek beds Background wells 1n the buffer zone surrounding the
RFP have also been developed, and 1n no case has plutonium levels above background been
detected 1n any of the wells This suggests soil/sediment 1s a good medium for removing
plutonium from an aqueous media. Although data are not available concerning plutonmum
transport from Standley Lake surface water/sediments to ground water, 1t can be inferred that this
pathway 18 not plausible. Therefore, since surface water, ground water, and tap water are not
release mechamsms for plutomum transport 1 the environment, the following pathways can be
discounted 1n this qualitative nisk assessment
Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition

Surface Water — Irrigation
Surface Water — Infiltration
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Surface Water — Fugitive dust wind erosion
Ground Water — Seepage
Ground Water — Pumpage

4822 Lake Sediments

Plutomium concentrations 1n Standley Lake sediments are much lower than those found at Great
Western Reservoir  However, this conclusion 1s based on hmited sampling data from numerous
studies This source of release to the environment will remain as a potential pathway 1n the
qualitanve risk assessment since 1t 1s possible that lake levels will decrease, exposing sediments
potentially contamning plutomum. These sediments could then create fugitive dust through wind

erosion

4823 Arr

No credible scenario exists that could produce an exposure pathway from wind stripping of the
surface water As stated previously, although dried reservoir sediments present a possible
fugitive dust pathway from wind erosion, the source term (plutonium exposed sediments) 1s not
present under current condiions Therefore, the following pathway can be discounted in this

qualitative nisk assessment,

Wind Stripping of Water — Air

4824 Biota

Since Standley Lake 1s used as a recreational resource for fishing, the CDH analyzed edible fish
tissue collected from the lake for the presence of plutonium (Appendix D, Document D-11).
Bottom feeders, mid-level and surface predator fish were captured, and 1n all cases, plutonium
concentrauons 1n all species of fish ussue sampled were at or below the lower limit of detection
for this analysis. Since fish represent the highest level of orgamisms within the food chain for
Standley Lake (excluding bird eating fish and fisherman), the non-detection of plutonium 1s

indicative that bioconcentration 1s not occurning as one moves up the food chain
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4 83 Mower Reservoir
Very little documentation exists for Mower Reservorr, but 1t 1s used for agricultural purposes and

has restricted public access. An EPA study was performed during the 1970s, but further data
collection 1s required. No recreational use of the reservoir 1s known to exist. Because 1t 1s fed
by Woman Creek, this reservoir may also have been affected by the surface water contaminants
believed to have contributed to plutomum levels in Standley Lake sediments (Section 2 2).
Plutomum transported from Site 199 may impact this reservoir However, since current
plutonmum levels are so low at Site 199, 1t 1s felt that any future impact will be negligible from
the pathway. It has been speculated that concentrations of radionuchdes in Mower Reservorr
sediments should not exceed levels measured 1n Great Western Reservoir and Standley Lake.
Therefore, the same description of possible pathways and their exclusion from the rnisk model wall
be restated here.

4831 Surface Water/Tap Water/Ground Water

All of the reservorr, domestic water, and background results are essentially the same within the
Iimts of analytical and sampling vanations The results indicate that the sediment in the
reservorr 18 effecavely holding the plutonium and preventing its movement into the municipal
drinking water The reservoir water passes through a filter plant prior to domestic consumption,
further reducing the hikehihood that suspended silt contaiming plutonmium could reach a receptor
through the drinking water pathway. Extensive ground water momtoring wells on and around
the plant site have been developed. The well locations on-site were selected to intercept ground
water 1n areas where potential contamination might be expected. Well locations are near holding,
evaporation ponds, and creck beds. Background wells in the buffer zone surrounding the RFP
have also been developed, and in no case has plutomum levels above background been detected
1n any of the wells. This suggests soil/sediment 1s a good medium for removing plutonium from
an aqueous media. Therefore, since surface water, ground water, and tap water are not release
mechamisms for plutomum transport in the environment, the following pathways can be
discounted 1n this qualitative risk assessment:
Surface Water — Tap Water
Surface Water — Ground Water

Surface Water — Biotic Uptake
Surface Water — Deposition
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Surface Water — Irrigation

Surface Water — Infiltration
Surface Water — Fugitive dust wind erosion
Ground Water — Seepage
Ground Water — Pumpage

4.8.3.2 Reservorr Sediments
Limated information 1s available concerming plutomum concentrations in the sediments. The

concentrations of radionuchdes 1n these sediments 18 not expected to exceed those found in Great
Western Reservorr or Standley Lake. However, this source release will remain as a potential
pathway 1n the qualitative nisk assessment since 1t 1s possible that reservorr levels will decrease,
exposing sediments potentially containing plutonium. These sediments could then create fugitive
dust through wind erosion.

4833 Arr

No credible scenario exists that could produce an exposure pathway from wind stripping of the
surface water. As stated previously, although dried reservoir sediments present a possible
fugitive dust pathway from wind erosion, the source term (plutonium 1n exposed sediments) 18
not present under current conditions. Therefore, the following pathway can be discounted 1n this
qualitative risk assessment.

Wind Stripping of Water — Air

49 UNCERTAINTIES IN THE RISK EVALUATION
The procedures and nputs used to assess potential human health and environmental risks 1n this

and most such evaluations are subject to a wide vanety of uncertainties. The five main sources
of uncertainty are the following:

Inadequate sample population

Sampling and analytical methods

Fate and transport modeling

Exposure estimation

Toxicological data and dose response extrapolation
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Errors associated with sampling and analysis include inherent errors 1n laboratory analysis,
representativeness of the samples, sampling errors, and heterogeneity of the sample matrix.
Although QA/QC programs serve to reduce these errors, they cannot eliminate all errors
associated with sampling and analysis.

4.9.1 Toxicology Uncertainties
Toxicological data errors are also a source of uncertamnty. The EPA noted this in its guidelines
for carcinogenic risk assessment:

" There are major uncertainties in extrapolating both from animals to humans and from
high to low doses. There are important species differences in uptake, metabolism, and
organ distribution of carcinogens, as well as species and strain differences 1n large site
susceptibihity. Human populations are vanable with respect to geographic constitution,
diet, occupational and home environment, activity patterns and other cultural factors
(EPA, 1986)."

The estimation of exposure requires numerous assumptions to describe the potential exposure
situations There are a number of uncertainties regarding the fate and transport of plutomum, the
likelthood of exposure, the frequency of contact with contaminated media, the concentration of
constituents at exposure points, and the time perniod of exposure. These assumpuons tend to
oversimphfy actual site conditions. There are inherent uncertainties 1n determining the intake
value when combined with toxicological information, to assess risk. In this qualitatve
assessment, specific assumptions with standardized values were used. The major assumptions
used 1n this assessment are as follows.

o Constituent concentrations remain constant over the exposure period
¢ Exposure remains constant over tme

» Average concentrations of constituents detected are reasonable estimates of exposure at
the exposure point

+ Exposed populations remain constant over the exposure period

o No dilution factor for the contaminants 1s offered, and they are available for 100 percent
bio-uptake

» Risks are additive.
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Table 4.2 quahitatively describes the general assumptions used in the nisk assessment, and their
effect on the nsk assessment.

4.9.2 Carcinogemc Risk Uncertainties
Numerous references (EPA, 1990b, ICRP, 1980) provide numerical estumates of the risk of fatal

cancer induction from iomzing radiation. These estmates may be a function of dose to an
mndividual organ, whole body dose, duration of exposure, or quantity of radioactive material
mngested or inhaled.

A single slope factor (EPA, 1990b) was chosen to estimate hfetime risk of fatal cancer as a
function of the receptor’s lifehme intake of the individual radionuchde Greater accuracy
resulting from the use of more situation-specific factors would make the magnitude of the other
uncertainties 1n the esaumation of human intake of radionuchides. Based on a review of current
risk estimates, 1t 18 assumed that the use of the single nisk factor will generate an overesumation
or underesumation of one order of magmtude compared to the use of a situation-specific factor.

Because of the low probability of cancer induction at the levels of human exposure to radioactive
material normally encountered 1n the environment, additional uncertainties anse from
extrapolating risk estimates from much higher levels, where deleterious effects may be observed
to the low levels that are actually encountered. Also, uncertainty results from assuming a linear
relatonship at low levels of human exposure

Because of gaps in current scientific understanding of radiological carcinogenesis, radiological
cancer risk assessment requires the use of a series of judgmental decisions on numerous
unresolved scientific 1ssues. These judgmental decisions lead to uncertainties 1n cancer nsk
assessment because major assumptions are necessary for data extrapolanon The four main data
extrapolations are discussed in the following

s The extrapolation of experimental results across species from laboratory animals to

humans
« The extrapolation of data from high-dose region of exposure of human or laboratory

ammals to the low-dose region of exposure of the general population
« The extrapolation of data across exposure durations from acute to chronic cases
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

Effect on Risk

May Over-
Estimate Risk

Environmental Sampling and Analysis

May Under-

Under-

Estmate Risk |

Sufficient samples may not have
been taken to charactenze the
matrices being evaluated.

Systematic or random errors 1n
i the radiochemical analyses may
yield erroneous data

Plutonium concentrations reported
as "below method detection limat"
are considered to be a non-detect

data pont.

The qualitative pubhic health
evaluation 1s based on the
chemical of concern (Pu) only
This may represent a subset of
the radionuchides possible at the
site.

Moderate

Exposure Parameter Estimation

The standard assumptions
regarding body weight, period
exposed, life expectancy,
population characteristics, and
Iifestyle may not be

| representative for any actual
exposure situation

Moderate

The amount of media intake 1s
assumed to be constant and
representative of the exposed
population

Moderate
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

Assumption

Exposure to contaminants
remains constant over exposure
period.

(continued)

Effect on Risk

May Under-

Estimate Risk

Under-
Estimate Ris

| Concentration of contaminants
remains constant over exposure

period.

All plutonium 1s available for
mnhalation 1n respirable-size
particles

For most contaminants all intake
1s assumed to come from the
medium being evaluated. This
does not take 1nto account other
contaminant sources such as diet,
exposures occurring at locations
other than the exposure point
being evaluated, or other
environmental media which may
contribute to the intake of the
chemical (1 e, relative source
contribution 18 not accounted for)

Moderate

L Environmental Parameter Measurement
H

Food does not contribute to
plutontum uptake

Moderate

Dermal absorption of plutomum
from soil 1s neghgible

Low
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TABLE 4.2

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

Assumption

(continued)

Effect on Risk

May Over-
Estimate Risk

Toxicological Data

May Under-
Estimate Risk

May Over/
Under-
Estimate Risk

Rusks are assumed to be additive
Risks may not be addiive
because of synergistic or
antagonistic actions or other
chemicals

Moderate

Assumes absorption 1s equivalent
across species This 1s imphicit in
the derivation of the acceptable
ntakes or cancer slope factors in
this assessment.

Extrapolation of toxicity data
from species to species, and from
laboratory amimals to animals 1n

“ the field. Moderate
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s The extrapolation of data across age groups from adults to children or across ethnic
populations.

The uncertainties associated with these four basic data extrapolations are mnherent in EPA slope
factors for radionuclides and risk coefficients used 1n conventional radiological rnisk assessment
methodology These uncertainties in risk esimation are discussed 1n the following paragraphs.

4921 Internal Exposure
Uncertainties in internal dose calculations based on ICRP models arise primanly from five

sources 1) the uncertainty in reference man data (age- and sex-specific dufferences and
biological and ethmc vanability in anatomical and physiological parameters); 2) the uncertainty
1n the lung and GI tract models describing the translocation and absorption of inhaled or ingested
radionuchides into the blood (e g, the uncertainty in the anatomical model of the lung and GI
tracts and age-specific physiological and morphological properties of the models); 3) the
uncertainty associated with the formulation of the ICRP (1988a) biokinetic models describing the
distibution and retention of radioactivity among the vanous organs in the body (e g, the
biokinetic models are mainly based on animal data and often estimate excretion inaccurately; the
growth of radioactive daughters 1s usually handled unrealistically), 4) the uncertainty mn the dose
models used to calculate the absorbed dose to organs from radionuchides retained in the body
(nonuniform distnibution of the activity 1s normally found in human organs), and 5) the
uncertainty in the model parameters (e g., absorption fraction [f;], which contribute the largest
uncertainty 1n the GI tract model, intake rate, and effective half-life).

Uncertainties 1n risk estumation from internal exposure arise from the following sources 1) the
assumption of the dose response model for esimating radiation-induced cancer risks at low doses
and low dose rates based on data at high doses and high dose rates, 2) the choice of the risk
models, latency period, and expression period for various types of radiation-induced cancers
beyond the years of observation, 3) the age-specific parameters (risk coefficients) used for both
absolute and relative risk models obtained from the Japanese atomic bomb survivor data, based
on relative high doses and Japanese populations, 4) the use of age-specific mortality rates based
on data collected 1n the United States 1n 1970, and 5) the use of mortality-to-incidence nisk ratios

for various types of cancers (Cancer incidence statistics are incomplete, and there 1s a possibility
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of differences 1n the relative frequency of cancer types between radiogenic cancers and those
caused by other factors.)

410 DATA NEEDS
It 1s evident that sufficient field data are lacking to perform an adequate quantitative risk

assessment of Sites 200-202. The following quantitative information would greatly increase the
accuracy of any future risk assessment. Many of the parameters listed below have been
quantified for the RFP as a whole; however, the apphicability of the existing data to Sites 200-202
has not been rigorously evaluated, and much of the existing data have not been vahdated. An
carly step 1n the data acquisition process, therefore, should be to evaluate the applicability of
exising environmental data from the RFP to Sites 200-202. While the following sections
describe some of the additional information which will be required to conduct a quantitative risk
assessment, the Sites 200-202 RFI/RI work plan will address these data needs 1n greater detail.

4,10.1 Physical Parameters of the Sites
Sediment parameters such as soil particle size, determunation of soil particle size fracthon with

which plutonium 1s associated, organic content, and bulk density should be determined.
Meteorological parameters such as the frequency distribution of wind speed, direction and annual
stability class should be collected. Worst case soil (exposed sediment) and meteorological
conditions (1.e, those conditions at the site most conducive to plutomum transport) should be
identsfied.

4.10.2 Determination of Fugitive Dust Impact
More site specific information of the potential for wind erosion from exposed sediments needs

to be collected and evaluated.

4103 Hydrology
The surface and ground water charactenistics at Sites 200-202 need to be adequately characterized

as they relate to contaminant transport. Site specific data need to be collected as part of the
RFI/RI activity  Stratified water samples should be collected from the reservours.
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4.104 Radiological Charactenization
The lateral and vertical extent and magmtude of all plutontum and americium 1sotopes (and any

other radiological parameters) 1n the reservorr seduments should be determined. The oxidation
state and chemical state of plutomum and other radionuchdes should be characterized. Sediment
samples should be further charactenized, and a standardized procedure should be made available
for the quantitative risk assessment.

4105 Other Contaminants
Additional characterization of the site for potential inorgamic and organic contaminants needs to
be conducted. The media of greatest concern are sediments, surface water, and ground water

4106 Biota

Biota should be characterized. Analysis of both plutonium and americtum uptake should be
performed.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Over 30 documents detailing studies of Sites 200-202 were reviewed 1n preparing this report
These studies address dufferent aspects of the Sites and have been conducted using markedly
different techmques While this inconsistency in approach and techmique has hmited the

usefulness of the existing data relatnve to IAG requirements, the following conclusions can be
drawn from the body of available information for Sites 200-202.

Plutonium and amencium (a decay product of plutonium) are the only known
contaminants 1n the reservorrs attributable to RFP releases. This conclusion 1s based
on extensive water quality monitoring data for Great Western Reservorr and Standley
Lake and analysis of bottom sediment samples for numerous potential RFP-derived
contaminants, including various radionuchdes and berylhum

A plutomum-bearing honizon of bottom sediments in Great Western Reservorr and
Standley Lake has been covered by subsequent sedimentanon. The highest sediment
plutonium concentrations were found to exist in the deepest areas of each reservoir.
The concentrations of plutonmum 1n the sediments 1n areas of highest exposure potential
(1e, near-shore areas) of Great Western Reservoir and Standley Lake are above
background levels, as measured by several past studies in sediments of Colorado Front
Range reservoirs believed to be unaffected by RFP releases.

Maximum plutomum concentrations measured to date in Great Western Reservorr
sediments are several times higher than those measured to date in Standley Lake
sediments

Only four sediment samples have been collected (all in 1970) to assess plutonium
concentranons 1n Mower Reservorr sediments The highest plutonium concentrations
measured were roughly twice the estumated background concentrattion due to
atmospheric testing fallout, and were several imes lower than the highest concentrations
measured to date in Standley Lake.

Plutomum 1s strongly adsorbed to the clay-rich sediments typical in impoundments near
the RFP Studies have shown that plutonium 1in the reservoir sediment columns 1s
effectively immobilized.

Routine water quality monitoring indicates that water quality in Standley Lake and
Great Western Reservoir has not been measurably impacted by plutonium in the
reservorr sediments A single water sample collected 1n 1970 from Mower Reservorr
showed background plutonium concentrations (background 1s due to atmospheric testing
fallout).
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o Residential tap water derived from Standley Lake and Great Western Reservorr 1s
. routinely analyzed for plutonium. Results consistently indicate that plutonium
concentrations are well below CDH drinking water standards.

o Of the many potential exposure pathways identified for the reservours, the airborne
pathway from reentrainment of exposed sediments 18 considered the most significant
pathway that can convey plutonium to human receptors from Sites 200-202. Airborne
plutonium concentrations measured by air monitors downwind of Sites 200-202 have
remained well below the 0 02 picocunes per cubic meter (pCy/m?), or 0 0007 becquerel
per cubic meter (Bq/m®) standard set by DOE All potential exposure pathways,
however, will be addressed under scheduled RCRA Facility Investigation/Remed:al
Investngation (RFI/RI) activities at Sites 200-202

While the available data for Sites 200-202 point to the above conclusions, they are not sufficient
to support a quantitative risk assessment To confirm these conclusions with quantitative data,
1t 1s recommended that additional site data, including meteorological parameters and sediment
and air samples be collected. Further sediment sampling should also be performed to confirm
conclusions concerning plutomum concentrations and mobility in seduments at Sites 200-202.
A quanutatve nisk assessment can then be performed to quantify the human health nsks

. associated with the three reservors. These data collection activities should be integrated mnto
scheduled RFI/RI activities
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1.0 INTRODUCTION

A baseline human health risk assessment has five basic components; these are.

Data collection and evaluation
Exposure assessment

Toxicity assessment

Risk characterization
Uncertainty analysis.

Each of these facets of a risk assessment need to be performed 1n an appropriate manner so that

a quantitative risk assessment 1s performed.

This section examines the "Data Collection and Evaluation" that has been performed on
Sites 200-202 with respect to EPA’s Guidance for Data Useability 1n Risk Assessment (EPA
540/G-90/008), dated October 1990 The following criteria were used to evaluate and compare
historical data.

L.
2

10.

11

RFPapr200 a

Was an adequate conceptual model of the site included?

Were data quality objectives stated?

Were key site charactenistics documented?

Were all appropriate media sampled?

Were all key areas sampled?

Did samphing include media along potential routes of migration?
Were sampling locations consistent with the nature of contamination?

Were sampling efforts consistent with field screeming and visual observations in
locating hot spots?

Were detailed samphing maps provided, including the location, type and numerical
code of each sample?

Di1d sampling include appropriate QA/QC measures?

Were background samples collected from appropriate areas?
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12 Were any site-related chemicals eliminated from analysis without appropriate
Justification?

13 Were appropriate analytical methods employed for collection data?
14 Dud the data meet the stated data quality objectives?

15. Were appropriate data qualifiers used for the analytical data?

The results of this evaluation are summarized 1n this appendix under Data Useability Worksheets
In reviewing these worksheets 1t became clear that the available data would not support a
quantitattve risk assessment Therefore the risk assessment that was developed for Sites 200-202
was performed to determune if there was the presence/absence of an imminent hazard to the
public. A second goal was to 1dentufy data needs for a future work plan that would direct
remedial investigation (RI) data collection

Some 1nherent uncertainty 1s associated with any numencal nisk coefficient calculated in the
development of a health nsk assessment. The historical data were not intended for use 1n a
quantitative risk assessment and therefore meets few of the current standards for data useability
as outlined 1n the EPA Guidance Document for Data Useability in Risk Assessment (1990). All
the data reviewed attempt to characterize the location and magnitude of the so1l concentration of
239 Pu (source term) at Site 199 The source term 1s the linchpin upon which any risk
assessment 1s based, and 1if the data cannot adequately be defended as valid, a quantitative risk
assessment that has any validity 1s 1mpossible to perform. None of the Sites 200-202 data
reviewed meets the mimmum critenia of data useability. Instead, a prehmunary qualitative risk
assessment has been developed that evaluates the relave magmitude of the source term, and
whether human receptors are currently experiencing any imminent hazard from this source term.

The following documents are listed in Appendix D, but they were not reviewed against all of the
cnteria found 1 the data useability guidance document due to the lack of information contained
within them:

* National Dam Safety Program Standley Lake Dam

¢  Plutomum Chemustry
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»  Great Western Reservorr Pre-Feasibility Study for Surface Water Interceptor System
* A Survey of Plutomum Contamination Released to the Samitary Sewer System

» The Study of Plutomum 1n Aquatic Systems of the Rocky Flats Environs

*  General Sediment Sampling Program Proposed Off-Site Sampling Activities

* Standley Lake Sediment Sample Collecion Summary, August 1984

* Geology of Standley Lake Area, July 1982

* Battelle PNL Report Radionuchide Concentration in Reservorrs, Streams, and
Domestic Waters, February 1980.

» Battelle PNL Report, "Radionuchide Concentration in Reservours, Streams, and
Domestic Waters Near the Rocky Flats Installation"

* Geology of Standley Lake Area, Jefferson County, Colorado
» Standley Lake Sample Collection Summary, August 1984

» Time Pattern of Off-Site Plutonium Contamination from Rocky Flats Plant by Lake
Sediment Analysis, E Hardy

* Radioactuvity Levels in the Divions of the RFP, Part II, December 15, 1973
*  Munincipal Samphng, Water Quality Control Board

» Research Proposal for Radionuchide Limnochronology and Background Levels of
Plutomum 1n Front Range Lakes

» Investigative Report of the 1973 Trittum Release at the RFP 1n Golden, July, 1974

»  Plutomum 1n the Aquatic Environment Around the Rocky Flats Facility, 1971
The following approach to the data useability evaluation for Sites 200-202 1s taken from the EPA

Gudance Document for Data Useability 1n Risk Assessment, EPA 540/G-90/008, October 1990
(EPA, 1990a)
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2.0 REPORT TO RISK ASSESSOR

As stated 1n the EPA Guidance for Data Useability 1n Risk Assessment, the mimmum data,

documentation and report materials needed to prepare a risk assessment are:

A description of the site, including a detailled map showing the location of each
sample, the site location relative to surrounding structures, terrain features, receptor
populations, indications of air and water flow, and a description of the operative
industrial process (if any)

A description and rationale of the sample design and sampling procedures
A description of the analytical methods used

Results for each analyte and each sample, qualified with respect to analytical
Irmitations

Sample-specific quantitanon himts (SQLs) and detection himits for undetected
analytes, with an explanation of the detection limits reported and detection limit
qualification for analytical hintations

A narrative explanation of the level of data review used and the resulting data
qualifiers indicating direction of bias, based on the assessment of the results from
quality control samples (1 e , blanks, duplcates, and field and laboratory spikes

A description of field conditions and physical parameter data as appropnate for the
media involved 1n the exposure assessment

As stated 1n the gmdance document, if any of this information 1s not available and cannot be

obtained, 1t may not be possible to perform a quantitative baseline risk assessment.

RFPapr200 a
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3.0 ASSESSMENT OF DOCUMENTATION

According to the gmdance document three types of documentation must be assessed Chain-of-
Custody records, Standard Operating Procedures, and field and analytical records

Chain-of-custody records must document the sample locations and the date of sampling so that
sample results can be related to geographic location and to specific sample containers If a
sample result cannot be related to a sampling date and the point of sample collection, the results
are unusable for a quantitative risk assessment Full scale chain-of-custody procedures (extending
from sample collection through analysis) are not required for nisk assessments, although they are
required for other purposes, such as enforcement or cost recovery

In all cases, the reports reviewed had no chain-of-custody records. Sample location records were
poor, and sampling dates were not included. As stated above, if sampling results cannot be
related to a sampling date and the point of sample collection, the results are unusable for a

quantitative risk assessment

No field or analytical records were included with the documents reviewed, nor were SOPs
available to allow companison of the field and analytical records for each report. Since SOPs
were not included, 1t 1s impossible to determine the level of systematic and random error

associated with sampling and analysis within any of the reports reviewed.
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4.0 ASSESSMENT OF DATA SOURCES

Minimum analytical data requirements for a nisk assessment as stated 1n the gmdance document
stipulate that one sample per medium exposure pathway be analyzed using a broad spectrum
analytical techmque, such as GC-MS methods for organic analytes, or ICP for inorganic analytes
The lack of a broad spectrum analysis for any samples at Sites 200-202 from a fixed laboratory
source results 1n an increased probability of false negatives because all chemicals of potential
concern at the site may not be identified. In the absence of a broad spectrum analysis, the best
corrective action 1s to collect additional samples Since additonal samples have not been
obtained from Sites 200-202, the probability of false negatives and positives should be considered
high Therefore the level of certamnty in performing a quantitative risk assessment 1s greatly
decreased.

Field measurements of physical characteristics of the site, medium, or contamination source are
cntical data, whose omussion can significantly affect the vahidity of a quantitative risk assessment.
Physical site information 1s required to perform exposure fate and transport modeling Examples
of such data are particle size, pH, clay content and porosity of soils, wind direction and speed,
topography and percent vegetaion The EPA Risk Assessment Guidance (RAGS) describes
mummum field measurements to be collected for site charactemzaton RAGS Exhibit 4-2,
"Examples of Modeling Parameters for Which Information May Need to be Obtained During a
Site Sampling Investigation,” provides a list of data elements according to medium modeling
category If not collected during sampling, these parameters cannot be determined. The use of
default options and routines to estimate missing values allows the use of the model but increases

the uncertainty associated with the exposure assessments

Although large amounts of this data exist for the RFP, none of the above parameters have been
characterized for Sites 200-202. The lack of field measurements directly apphicable to
Sites 200-202 greatly reduces the level of certainty in the performance of a quantitative nisk
assessment. Therefore general statements concerning physical site information were utilized for

the qualitative risk assessment.
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5.0 ANALYTICAL METHOD

A critical facet of data useability as described in the guidance document requires that the
analytical methods used to measure plutonmium contamination in sediment have sufficient quality
control measures built into the sample collection and analysis The preparation of samples prior
to counting 1s an important consideration, which 1s a multi-step process that achieves the
following objectives. (1) the destruction of the sample matnx to reduce alpha-and beta particle
absorption, (2) the separation and concentraton of radionuclides of interest to increase resolution
and sensitivity, and (3) the preparation of the sample in a sutable form for counting
Appropriate radioactive tracers must be selected and added to both the field and laboratory
samples before a radiochemical procedure 1s imtiated. Of the documents reviewed, only the
Nisley 1987 report partially describes the above methods used for radiochemical analysis Most
of the documents reviewed do not state whether analysis was performed by a laboratory
participating in the EPA Environmental Radioactive Intercomparison Program, which provides
quality assurance oversight for radiation measurement laboratones
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6.0 DATA REVIEW

The EPA Data Useability Gudance Document hists two critenia for data review, that of
timeliness, and the level and depth of review The first cnteria 1s of little importance for this
project, but the second critenia 1s a cnitical factor that the data must meet for 1t to be used in the
risk assessment. A statement concermng the data review process 1s absent from all documents
that were used to develop the qualitative risk assessment The timeliness, level, and depth of
review 1s unknown. It can be assumed that all documents went through a normal quality
assurance review, but even this 1s not stated. It 1s unclear if computer algorithm programs were
validated, or if data entry was checked Therefore based on the data review process criterion,
all documents would be rejected.
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7.0 ASSESSMENT OF SAMPLING DATA QUALITY INDICATORS

As stated 1n the Guidance Document, five basic data quahty indicators must be assessed prior
to utihzing data 1n a quantitative risk assessment.

1. Completeness

Completeness 1s a measure of the amount of useable data resultung from data collection activities.
A description of the number of samples required to adequately characterize each media should
be included that at a mimmum references Standard Operating Procedures (SOPs) and the
Sampling and Analysis Plan (SAP)

The Illsley document uses the methodology of collecting a large number of sample locations per
sector and compositing these into one sample per sector. Although this 18 an accepted
methodology for soil sample collection over large areas, not enough documentation was made
available to determune 1f a sufficient number of samples were collected to adequately characterize
the site

2 Comparability
Comparability expresses the confidence with which data are considered to be equivalent.

Analytical methods and sampling protocol must be stated 1n each report to allow companson of
each of the data sets, since field and laboratory vanability may sigmficantly affect the results

None of the reports reviewed are judged to be adequate based on an examination of
comparability, since sample design and analytical methods vary greatly between reports

3 Representativeness
Representativeness expresses the extent to which data define the risk to human health and the

environment. Samples must be collected 1n a way that generates data which reflects the site
charactenstics, and must be analyzed in a way which represents the properties of the field
sample Lack of representativeness in the media sampled may result in the detection of false
negatives and may cause the omussion of potential exposure pathways 1n the risk assessment.

Although sample preparation procedures were similar for some of the reports, 1t 1s still unclear
whether the process of compositing subsamples 1n each sector produces a sample data set
representative of the exposure area in question. Informaton concerning higher concentranons
and hot spots 1s lost when analyzing soil composites

4 Precision
Precision 1s a measure of the varniability of a set of measurements compared to the mean and 1s
usually reported as a coefficient of variation or a standard deviation of the arithmetic mean

Here again, 1t 1s 1mpossible to compare the data sets of the reports available for Sites 200-202
because of the large variability 1n precision of the analytical results The two basic activities
performed 1n the assessment of precision are estimating sample vanability from the observed
spatial variation and estimating the measurement error attributed to the data collection process
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Neither one of these can be accomplished for Sites 200-202, given the information presented in
‘ the reports and leads to an unacceptable level of uncertainty Therefore, the estmation of the
average concentration of Pu may not be representative of the site

5. Accuracy
Accuracy 1s controlled pnimarily by the analytical process and 1s reported as bias. The sample

design plan and sample collection plan relates directly to this bias, and since neather of these
documents were included for review, 1t 1s impossible to determine the accuracy of the reports.
The estimate of accuracy 1s further compromused by the exclusion of data relating to field and
laboratory spike results Since an estimation of the accuracy of the data cannot be performed,
the data should not be included for use in a quantitative nisk assessment.
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8.0 APPLICATION OF DATA TO RISK ASSESSMENT

The Data Useability worksheets provided in Appendix A provide a detailed examination of the
data quality across the various assessment phases To summanze the data and determine
useability the following four questions are applied to each data report, incorporating the data
useability criterion evaluated in the worksheets These questions are taken directly from
Chapter 6 of the EPA Gudance Document for Data Useability.

1 What contamunation 1s present and at what

levels? and accuracy combine to allow for a probability of
false negatives

Criterion not met

2 Are site concentrations sufficiently dufferent Although background measurements were not

from background? collected, the levels of Pu present are greater than
what can be attributed to world-wide fallout. ‘
Therefore 1t 18 assumed that the plutonium measured
at Sites 200-202 ongmnated from the RFP

Criterion met.
3 Are all exposure pathways 1dentified and The nature of the pathways to be examined 18
examined? cnitical to the characterization of nisk at the site
None of the documents reviewed provide
1dentification of exposure pathways

Criterion not met.

4 Are exposure pathways fully characterized? To be fully characterized, the exposure pathway
must have been appropnately sampled. Data
Quality Indicators such as completeness,
comparability, representativeness, precision, and
accuracy all must be within acceptable hmats for the
exposure pathways to be accurately charactenzed,
The mformation hsted above 1s lacking 1n all of the
documentation provided.

Since none of the documents meets the basic criterion of data useabihity a quanttative risk
assessment based on such data would not yield useful results and would not be defensible
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9.0 SUMMARY

An examination of the data available for Sites 200-202 indicates that few of the cntena found
in the EPA Gudance Document for Data Useability are met. The data collected were of hmited
quality and specificity, a samphng design program was not immtiated to collect representative
samples from all media and exposure pathways, and no meanngful statistical analysis were
conducted on the data set prior to publication of the reports, including Data Quality Indicators
and sample specific quantitation himits (SQLs)

Therefore, based on the gwdance found in the Data Useability for Risk Assessment only
quahitative statements concerming risk are possible. These statements are based on historical
information and the general behavior and transport of plutonium in the environment No
numerical measures can be derived to indicate the potential for adverse effects, and the level of
certainty cannot be assessed. The risk to human health may thus be considered only in
qualitative terms, which by the reference document 1s an acceptable method when data do not

support a more rigorous quantitative analysis
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TABLE Al.l

DATA SOURCES
OPERABLE UNIT NO. 3, Sites 200-202, ROCKY FLATS PLANT

Data Source

United States Atomic Energy Commuission,
"Plutonium in Soil Around the Rocky Flats Plant," by
P.W. Krey and E P Hardy, Health and Safety

Laboratory USAEC, New York, NY, HASL-235, 1
ILAugust 1970

” T Nature of Data y
Plutonium concentrations in soil samples collected |
In early 1970 from 33 sits extending as far as 40
miles from Rocky Flats Plant, including sites within
and around Sites 200-202

Dow Chemical USA, "Soil Sampling East of indiana
Avenue,”" by RW Loser and R L. Tibbals, Product
and Health Physics Research Service Report No
317-72-186, 29 November 1972.

Plutonium concentrations in soil samples collected
on November 17, 1972 from 20 sites within and
around Srtes 200-202

Rockwell International, "Results of Spectal Soil
Samples Collected Adjacent to the Rocky Flats
Plant Site," by C T llisley, Environmental Analysis
and Control, ES-376-77-201, 7 September 1977
(revised 30 November 1979)

Selected radionuclde concentrations (including
plutonium) in soil samples collected in August, 1976
from 25 sites within and around Sites 200-202

Colorado Department of Health, "Radioactive Soil
Contamination (Cesium-137 and Plutorium) in the
Environment Near the Rocky Flats Nuclear
Weapons Plant,” September 1977

Plutonium and cesium-137 concentrations in soil
samples collected in 1977 from sites within and
around Sites 200-202

Rockwell International, "Plutonium Concentrations in
Soil on Lands Adjacent to the Rocky Flats Plant,” by
CT lisley and MW Hume, Energy Systems
Group, LPR-1, 16 March 1979

Plutorium concentrations in soil samples collected
In 1976 and 1977 from sites within and around
Sites 200-202

Rockwell International, "Disclosure to the City o
Broomfield," 22 January 1985

Page 9 Average plutonium concentrations in soils
on City of Broomfield acreage at Sites 200-202
Page 15A Average annual plutonium
concentrations in air and soil within and around
Sites 200-202

Rockwell International, "Soil Sample Collection and
fl Analysis for Plutoum on Lands Adjacent to Great
Western Reservoir for the City of Broomfield,"

C.T liisley, EAC-47-85-1, 10 Apni 1985

Plutonium concentrations in 15 composite soil
samples collected in 1985 from 10-acre plots within
the City of Broomfield acreage at Sites 200-202

Rockwell International, "Remedial Action Progr
on Jefferson County Open Space Land in Section 7,
T2S, R63W, South of Great Western Reservorr,” by
CT llisley, EAC-420-87-1, 15 January 1987

Plutonium concentrations in composite soil samples |
collected in 1977 and 1985 from 10-acre plots within |
Sites 200-202

"Rocky Flats Plant Site Environmental Report,”
(published annually since 1971 by EG&G Roc!
Flats, Inc and their predecessors, known prior to

Summanes of all environmental investigations and
monitonng conducted on and around the RFP
duning the current year (summarizes data included

1988 as "Annual Environmental Monitoring Repx
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TABLE Al.2

PLUTONIUM IN SOIL AROUND THE ROCKY FLATS PLANT, APRIL 1, 1970

Comments

Reports to Risk
Assessor

Report only includes imited sampling data locations for Sites 200-202. Majority of
report applics to areas outside of Sites 200-202. No data sets included, only data
summary No interpretation of data useability No narrative describing specific
samphng of analytical problems Results are qualified for analytcal imitations
Partial interpretation of QC data included. Soul samphng techmque different than
for other documents Document not generated for use m nsk assessment.

Rejoct

Documentation
A. WP/SAP/QAP;P

No work plan, sampling and analynis plan, or quality assurance project plan
prwxl ded. Inadequate mte description, no detaled map provided with sample
ocations

Reject

B SOPs

The data tables provided compare the results of different methods of saul collection.
This supports the contention that a vanation in sample collection procedures can
hnve;e:gmﬁumeﬂ'edcnmdyumlmulu A descnption of samphing design 13
provi

Reject

C. Field and
Analyncal Records

No field logs or raw data available. No chamn of custody records. Selection and
1denufication of sampling powts not documented. No documentstion concermmng
deviation from sampling and analysis plan or standard operating procedures.

Reject

Data Sources
A. Analytical

Analytical results histed in Table A vary between laboratonies  Analytical results
are listed by depth of sample.

Quahfied Accept

B Non-analytical

Use CDH 1977 No field measurement data available for site such as particls nize,
pH, clay content, porouity of s0il, wnd direction, topography, respirable Fraction of
PU, depth of contarmnation m sod, ete.

Reject

Analytical Methods

Analytical methods not stated. Quality control measures mentioned but not
described. Rephicate analyns performed but result not stated. Method detecuon

limats percent recovery, LLD and MDA stated. Laboratory performing analyns
rdentfied.

Quahified Accept

Data Review

Data review process pnior to publication of document 15 unknown. The timehness,
level and depth of review not stated n document. Level of quality
assurance/quality control review unknown

Reject

Data Quality Indicators
A, Completeness

No indication if data collection and analysis problems affected the completeness of
data sets  Assumption 1s that 100% of samples collected were correctly analyzed.
No explanation why many more sampling pomnts identified on map without
corresponding analytical value. No data qualifiers presented with dats. Only PU
and CS analyzed

Reject

Reject

Reject

B Companability

This report points out the vanabulity mtroduced m the analytical results due to
change 1n sample collection procedures It 13 not possible to compare the results n
thus report with other reports  Samphing not performed based on temporal or spatal
vanaton.

In addinon, analyns from different laboratonies resulted in vanation of the PU
concentrations.

Reject

Reject

Reject

C. Representativeness

The data cannot be used for a quantitanve rnisk assessment becanse only soil media
was sampled, and collected mn a manner that may not represent the true PU
concentrations of the site. Only one exposure pathway was sampled (soal). No ar
or water data 15 available directly related to the site.

Reject

Reject

Reject

Table 8, duphicate soil samphing results given as mCikm® Field blanks, tnp blanks
and intemal standards collected. Counting error stated. No field blanks, tnp
blanks, intemal standards, or standard soil analynis was perfformed. Rephcats
analysis was performed but the results were not histed 1n the report. Soil
concentrations reported as averages rather than mciuded as & complete data set.
Counting error not stated.

Quabified Accept

Quahlified Accept

Qualified Accept

Percent recovery analysis performed Descripuon of mmmmum QA/QC data
included. No documented QA review

Qualified Accept

Qualified Accept
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TABLE Al13

COMMITTEE EVALUATION OF PLUTONIUM LEVELS

WITHIN AND SURROUNDING RFP, JULY 9, 1971

Data Useabulity Criteria Comments Decimon’
Reports to Rusk Report only includes himuted samphing data locations for Sites 200-202. Majonty of | Qualified Accept
Assessor report applies to areas outnide of Sites 200-202. No data sets included, only data
summary No interpretation of data useability No narrative describing specific
samphing or analytical problems Results are quahfied for analytical hmnations
IntctptmuononCdaumcluded. Sail samphng techmque different than for other
documents Document not genersted for use 1n nsk assessment.
Documentation No work plan, sampling and analyns plan, or quality assurance project plan Quahfied Accept
A WP/SAPIQAP;P provided. Inadequate site description, no detmled map provided with sample
i locations
r B SOPs The data tables provided compare the results of different methods of sal collection. | Reject
This supports the contention that a vanation i sample collection procedures can
have a sigmficant effect on analytical results A descripion of samphing design 15
provided.
C. Field and No field logs or raw data available. No cham of custody records Selection and Reject
Analytical Records | 1denufication of samphing pants not documented. No documentstion concerning
“ deviation from sampling and analysis plan or standard operating procedures
Data Sources Analytical results hsted vary between laboratonies with no accompanying Quahfied Accept
A Analytcal explanation,
B Non-analyucal No field measurement data available for site such as particle size, pH, clay content, | Reject
poromty of soil, wind direction, topography, respirable Fraction of PU, depth of
contamination 1 soil, etc.
Analyucal Methods Analytical methods stated. Quality control measures descnibed. Replicate analymis | Accept
performed and results stated. Method detection limats percent recovery, LLD and
MDA stated. Laboratory performing analynis identified.
Data Review Data review process prior to publicanon of document 1s unknown. The timelmess, | Reject
level and depth of review not stated m document. Level of quality
assurance/quahity control review unknown.
Data Quality Indicators | No mndication if data collection and analyss problems affected the completeness of | Sampling Reject
data sets  Assumption 18 that 100% of samples collected were correctly analyzed.
A. Completeness No explanation why many more sampling pomnts 1dentified on map without Analytical | Reject “
corresponding analytical value. No dats qualifiers presented with data. Only PU
analyzed. Combmed | Reject “
B Comparsbility Ths report paints out the vanability introduced in the analytical results due to Samphng Reject
l difference in sample collection procedures It 13 not possible to compare the results
! mthulveponwnhothermpom Sampling not performed based on temporal or Analyncal | Regect n
In addition, analyns from different laboratones resulted 1n vanauon of the PU Combmed | Reject
concentrations
C. Representativeness | The data cannot be used for a quantitative nisk assessment because only soil media | Samphing Reject ||
was sampled, and collected m & manner that may not represent the true PU Rerect
concentrations of the site. Only one exposure pathway was sampled (soil). No air Analyucal )
or water data 1s available directly related to the nte. Combined | Reject
D Preason Results given as mCikm® Field blanks, tnp blanks and intemal standards Samphing QuhﬁedAecqu1|
collected. Counting error stated. No field blanks, tnp blanks, intemal standards, or
standard soil analynis was performed. Replicate analyns was performed but the Analytical | Qualified Accept “
results were not hsted m the report. Soil concentrations reported as averages rather
than mcluded as a complete data set. Counting error not stated. Combuned WAW—“
B Accuracy Percent recovery analyns performed. Descnption of mmmum QA/QC data Samphing Quabfied Accept
included. No documented QA review Analyncal | Quabified Accept
Combmed | Quahfied Accept |

“ ! Deamon Accept, Quahified Accept, Reject II
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SOIL SAMPLING EAST OF INDIANA AVENUE, NOVEMBER, 1972

TABLE Al4

RFPapr200 a

Decmon Accept, Qualified Accept, Reject

Comments
Reports to Risk Report mncludes only imited sample locations for Sites 200-202. Majonty of repost | Reject
Assessor apphies to areas outside of Sites 200-202. No data set included, only data summary
No mterpretation of data ugeabiity No narranve summary describing specific
samplng or analytical problems Results not quahified for analytical hmts
Interpretanon of QC data not mcluded. Document not generated for use 1 risk
assessment.
Documentation No work plan, sampling and analyns plan, or Quality Assurance Project Plan Reject
A. WP/SAP/QAPP provided. Inadequate smite descripuon. No detailed map provided for sampling
locations from Table L. No map provided for sampling locatons from Table IL
B SOPs No descniption of sampling design. Procedures omutted. Reject
C. Field and No field logs or raw data available. Selection and identification of samphing pomts | Reject
Analytucal Records { not documented.
Data Sources Analytcal data reported as mCikm® rather than as pCy/g, and 13 totally unusable for | Reject
A. Anslytcal a nsk assessment. No data available for samples histed m Table II Samples
analyzed for PU only
B Non-analytical No field measurement data available for site such as particle size, pH, clay content, | Reject
porosity of soil, wind direction, topography
Analytical Methods Analytical methods and procedures not referenced. Quality control measurements Reject
no described. Replicate Analysis not performed, Method detection limts percent ;
recovery, LLD, and MDA not stated. Laboratory performing analyns not stated.
Data Review Data review process pnor to publication of document 15 unknown. The timeliness, | Rejoct ‘
level and depth of review not stated m document. J
Dats Quahty Indicators | No dsta results for samphng locatons in Table I No mdications 1f data collection | Samphng Reject J
and analyns problems affected the completeness of data set. No data quahfiers Reroct
A. Completeness presented with data. yncal 3
Combmed | Reject
B Comparability Data reported 1n mCikm? and 15 not comparable with other reports. This report Samphng Reject
points out the vanability introduced mn the analytical results due to change 1n Analvacal | Resect
sample collection procedures It 1s not possible to compare the results i this report J
with other reports  Sampling not performed based on temporal or spatial vanation. | Combined | Reject
C. Representativeness | Data reported 1n mCikm2 and 1s not comparable with other reports The data Samphng Reject
cannot be used for a quantitative nsk assessment because only sol media was
sampled, and collected 1 a mamner that may not represent the true PU Analytical | Roject Il
concentrations of the site. Only one exposure pathway was sampled (soil). No air
or water data 15 available drectly related o the mte. Combuted | Reject J
D Preason Data reported 1n mCi/km2 and 1s not comparable with other reports  No field Samphing Reject JI
blanks, tnp blanks, internal standards, or standard soil analysis was performed.
Rephcate analyns was performed but the results were not listed in the report. Soil | Analytical | Reject “
concentrations reported as averages rather than included as a complete data set.
Counting error not stated. Combmed | Reject
B. Accurscy Data reported 1n mCi/km2 and 15 not comparable with other reports  Percent Samphng | Reject
recovery analysis not performed. Descnption of mummum QA/QC data not Analyncal | Reject
included. No documented QA review
Combuned | Regect i
b
|
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TABLE AlS

RADIO ACTIVE SOIL CONTAMINATION IN THE ENVIRONMENT NEAR
THE ROCKY FLATS NUCLEAR WEAPONS PLANT, CDH 1977

ReponyhmuedlforSnuzw-m ofmpat

—

applies to areas omtside of Sites 200-202. No data set mcluded, only data summary
No mterpretation of data useabihity No narrative summary descnang specific
samphng of analytical problems Results not qualified for analytical hnutations
Interpretation of QC costs not mcluded. Document not generated for use n nsk
assessment

2. | Documentanon No work plan, sampling end analysis plan or Quality Assurance project plan Reject
A. WP/SAP/QAPjP provided. Inadequate site description, no detailed map provided with sample
locattons Many sample ponts are shown on map m Figure § but have no
corresponding anslytical value.
B SOPs The data tables provided compare the results of different methods of sad collection. | Accept
Thus supports the contention that a vanation 1n sample collection procedures can
have a sigmficant effect on analytical results A descniption of samphing design 15
provided.
C. Field and No field logs or raw data available. No cham of custody records Selection and Reject
Analytical Records | 1dentfication of samphing ponts not documented. No documentation conceming
deviation from sampling and analysis plan or standard operating procedures
3 Data Sources Analyucal data results reported as rather than including hot spot values. Reject
A. Analyucal Samples analyzed for 239 PU and 147 Csonly No chemical analysis performed?
Solubility class for a PU not determmed.
B Non-analyucal No field measurement data available for site such as particle size, pH, clay content, | Reject
porosity of soil, wind direction, topography, respirable Fractuon of PU, depth of
contamination 1n soil, etc,
Analytcal Methods Analytcal methods histed. Quality control measures mentioned but no described. Reject
Rephicate analynis performed but no data stated Method detection lumats percent
recovery, LLD, MDA not stated. Unknown 1if lsboratory performing analysis
! parucipsting m Intercomparison program.
PS Data Review Data review process pnor to publication of document 15 unknown. The timelmess, | Reject
level and depth of review not stated n document. Level of quality
assurance/quality control review unknown
6 Data Quality Indicators | No indication 1f data collection and analysis problems affected the completeness of | Samphng Reject
data sets Assumption 13 that 100% of samples collected were correctly analyzed.
A Completeness No explanation why many more samphng pomts 1dentified on map wathout Analytical | Reject
corresponding analytical value. No dsta quahfiers presented with data. Only PU
and CS analyzed. Combined | Reject
B Comparability This report ponts out the varniability mtroduced m the analytical results due to Samphing Reject
change m sample collection procedures. It 13 not possible to compare the results in Rerect II
thus report with other reports  Sampling not performed based on temporal or spatial Analytical )
vanation. Combmed | Reject
C. Representativeness | The data cannot be used for a quantitative nsk assessment becsuse only soil medis | Samphing Reject
was sampled, and collected 1n a manner that may not reprosent the true PU Rerect
concentrations of the sue. Only one exposure pathway was sampled (soil). No ar | Analyncal )
or water data 15 available directly related to the site. Combined | Reject I
D Preasion No field blanks, trip blanks, intemal standards, or standard soil analysis was Sampling Reject II
performed. Rephcate analyns was performed but the results were not hsted 1n the Analyncal | Re
report. Sal concentrations reported as averages rather than mncluded as s complete Joct
data set. Counting error not stated. Combmed | Reject
E. Accuracy Percent recovery analysis not performed. Descnption of muumum QA/QC data not | Samphing Rejyect
included. No documeated QA review Analyncal | Reject
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TABLE Al1.6

RESULTS OF ANALYSIS FOR SPECIAL SOIL SAMPLES COLLECTED
ADJACENT TO THE ROCKY FLATS PLANT SITE, SEPTEMBER, 1977

and compositing process

Reports to Ruk Report may mnclude sample locations outside of Sites 200-202. No map mcluded to | Reject
Assessor locate sample pomnts No data set included, only data summary No imerpretation
of data usealxhity No narrative summary describang specific sampling or analytical
problems Results not qualified for analytical imuts. Interpretation of QC data not
mcluded. Document not generated for use m nsk assessment. :
Documentation No work plan, sampling and analysms plan or Quality Assurance project plan Reject
A. WP/SAP/QAP;P provided, No site description. No detailed samphing map provided.
B SOPs No descnption of sampling design, no procedures mcluded. Rejoct
C. Field and No field logs or raw instrument dats available. No chan of custody records. Roject
Analytical Records | Selection and 1dentification of sampling points not documented. No documentation
concerning deviation from samphng plan or standard operating procedures
Data Sources No raw analytical data provided, only data summaries No high or hot spot dats Reject
A. Analyucal provided only averages Data reported as dismntegrations per mmute per gram of
soil. Samples not analyzed for 241 Am.
B Non-analyucal No field measurement date available for site such as particle nize, pH, clsy content, | Reject
porosity of soil, wind direction, topography
Analyucal Methods Analytical methods and procedures not adequately described. Method detection Reject
limuts sample quantitation imuts percent recovery not stated m report laboratory
wdentified that performed analysis Table I Comparative Analynis mdicates an
unacceptable vanation for analysis of certamn radionuchdes
Data Review Data review prior to pubication of document 15 unknown., The umelness, level, Reject
and depth of review not stated 1n document.
Data Quahty Indicators | Based on the data presented 1t 15 not possible to compare or equvocate the resulis Samphng Reject
1n this report with other reports Sampling not performed based on speaal or
A. Completeness temporal vanation. Avalyucal | Reject JI
Combmed | Rejoct 1
B Comparability The data collected cannot be used for quantitative nsk assessment because only soil | Sampling Reject JI
medis was sampled, and collected 1n a manner that may not represent the true PU Analyncal | Reject
concentrations at the site. Only one exposure pathway was sampled (soil) no ar J
data 15 available directly relating to the nite. Combmed | Reject
C. Representativeness | Field blanks, duphcates, and standard sl analysis were performed but the results Samphng Reject
were reported as & summary rather than a complete data set. Analyncal | Reject
Combmed | Reject JI
D Precmon Field blanks, duphicates, replicates and standard sail nalynis were not collected. | Samphng | Reject 1
No complets data sets, only dats summary Counting error not stated. Analyncal | Reject “
Combmned | Reject
B. Accurxcy Isotopic tracer was added to determune percent recovery, but not dunng sample Sampling Reject
collection phase, The report states s plutomum tracer was 236 PU was added to the
s0il samples after composiing to determme percent recovery However, no tracer | Amalyucal | Reject
was added to the field samples to assure 100% recovery dunng the soil collection Reyoct

Deaision Accept, Qualified Accept, Reject
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TABLE AL7

PLUTONIUM CONCENTRATIONS IN SOIL ON LANDS
ADJACENT TO THE ROCKY FLATS SITE, MARCH 1979

o

Comments
|1 | Repons 1o Risk No data set mcluded, cnly data summary No interpretation of data usealubity, no | Reject
Assessor narmative summary describing specific samphng or analytical problems results not
qualified for analytical hmtations Interpretation of QC dats 13 included.
Document not generated for use m nsk assessment.
2. | Documentation No work plan, samplng and analyms plan, or Quahity Assurance project plan Reject
A. WP/SAP/QAPP provided. Inadequate site descnption, no detailed map w/sample locations.
B SOPs No detailed descripion of samplng design. Procedures omitted, vegetative cover Reject
may have been removed prior to soil sampling, thus buasing the sample. Samples
collect on random bass, rather than by using a low energy gamma detector such as
a FIDLER to locate potential sample points
C. Field and Report states that sample collection logbook used. No field logs or raw mstrument | Quahfied Accept
Analytical Records | data available. No chan of custody records, selection and 1dentification of
samphing pomnts not document, no documentation concermng deviation from
samphing and analysis plan or standard operating procedures.
3 Data Sources Analytical data results for composite soil samples only no ngh or hot spot data, Reject
A. Analyncal samples analyzed for 239 PU only, no chemical analyns performed and solubdlity
class for 239 PU not determined.
B Non-analytical No field measurement data avaslable for site such as particle nize, pH, clay content, | Reject
porosity of soil, wind direction, topography
4 | Analytical Methods Analytical methods and procedures and quality control measures hsted. Method Qualified Accept
detection hmuts, sample specific quantitation himits percent recovery not stated m
report.  Laboratory performung analynis certified by EMSL-LV (EPA Environmental
Radioacivity Intercomparison Program.
Data Review Data review process prior to pubhication of document 1s unknown The tmelness, | Reject
level, and depth of review not stated 1n document.
6. | Dsta Quality Indicators | No mdication 1f data collection and analysis problems affected the completeness of | Samphing Reject
data set. Assumption 15 the 100% of samples collected were comrectly analyzed. Analyncal | Reject "
A. Completeness No dats qualifiers presented with data. ?
Combuned | Reject Il
B Comparability Based on the data presented it 15 not possible to compare or equvocate the results | Samphng Reject "
1n this report with other reports Sampling not performed based on speaal or Analyncal
temporal vanation. Reject
Combmed | Reject
C. Representativencss | The data collected camnot be used for quantitative nsk assessment because only soil | Sampling Reject
media was sampled, and collected 1n a manner that may not represent the true PU ‘Anal Reject
concentrations at the mite. Only one exposure pathway was sampled (soil) no ar Y
data 15 available directly relaung to the site. Combimned | Reject
D Preasion Field blanks, duphicates, and standard sotl analysis were performed but the results Sampling Reject
were reported ss a summary rather than a complete data set. Analyncal | Reject
Combmed | Reject H
E  Accuracy The report states & plutonium tracer was 236 PU was added to the soil samples after | Samphing Reyect
compositing to determme percent recovery However, no tracer was added to the Aualyncal | Rejoct
field samples to assure 100% recovery durng the soil collection and composiing
process Combmed | Reject

Deaision Accept, Qualified Accept, Reject
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TABLE Al18

DISCLOSURE TO THE CITY OF BROOMFIELD, JANUARY 22, 1985

Reports to Rusk No dats set mcluded, cnly data summary No miterpretation of data useability, no Reject
Assessor namative summary describing specific samphng or analytuical problems results not
qualified for analytical hmitations Interpretation of QC data 15 inciuded.
Document not generated for use m nsk assessment. A table 13 mcluded that relates
soil concentrations and surborne concentrations of Pu at Sites 200-202, but 13 not
qualified with the needed mformation for data useabihty
Documentation No work plan, samphing and analysis plan, or Quality Assurance project plan Reject
A. WP/SAPQAP;P provided. Inadequate site descniption, no detailed map w/sample locations.
B SOPs No detailed descniption of samphing design. Procedures omutted, vegetative cover Reject
may have been removed prior to soil sampling, thus biasing the sample. Samples
collect on random basis, rather than by using a low energy gamma detector such as
a FIDLER to locate potential sample points,
C. Field and No field logs or raw instrument dats available. No cham of custody records, Reject
Analytical Records | selection and identification of samphing pomts not document; no documentation
concermng deviation from sampling and analysis plan or standard operating
procedures.
Data Sources Analytcal data sources reported as summary rather than as data sets Reject
A. Analytcal
B Non-analytical No field measurement dats available for sis such as particle nize, pH, clay content, | Reject
poroaity of soil, wind direction, topography
Analytical Methods Analytical methods and procedures and quality control measures not listed. Reject
Data Review Data review process prior to publication of document 15 unknown. The timehness, | Reject
level, and depth of review not stated 1n document.
Data Quality Indicators | No mdication if data collection and analyss problems affected the completeness of | Sampling Reject
data set. Assumption 1s the 100% of samples collected were correctly analyzed. Analytical | Reject
A. Completeness No data quahfiers presented with data.
Combmed | Reject
B Comparability Based on the data presented 1t 13 not possible to compare or equivocate the results | Samphng Reject
1n this report with other reports  Sampling not performed based on speaal or Analyncal
temporal vanation, Rejoct
Combmed | Reject
C. Representativeness | The data collected cannot be used for quantitative nsk assessment because oaly soil | Samphing Reject
media was sampled, and collected 11 8 manner that may not represent the true PU Analytical
concentrations at the site. Only one exposure pathway was sampled (soil) no ar Rege
data 15 available directly relaung to the site. Combined | Reject
D Preamon No mdication of the number of field blanks, duplicates and standard soil analyms, Samphing Reject
?rmlf::ywmeveneollected Results reported as summary rather than complete Anayacal | R
Combmed | Reject
B Accuracy Data summary does not mclude mformation concernng percent recovery both for Samphing Reject
the field and snalytical samples Analyncal | Reject
Combmed | Reject
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SOIL SAMPLING COLLECTION AND ANALYSIS FOR PLUTONIUM ON LANDS
ADJACENT TO GREAT WESTERN RESERVOIR
FOR THE CITY OF BROOMFIELD APRIL 10, 1985

TABLE Al1.9

Data Useabihty Criteria Comments
1 | Reports to Rusk Report includes partial sample locations for Sites 200-202. No data set included,
Assessor only data summary No mterpretation of data useability No narrative summary
describing speafic samphng or analytical problems Results not quahfied for
analytical hmitations interpretation of QC data not included. Document not
generated for use 1n risk assessment.
2. | Documentation No work plan, samplng and analyms or Quality Assurance project plan provided. Reject
A. WP/SAPQAP;P Quality contral statements duplicated 1n Ilisley 1987 document. Inadequate site
description, no detailed map provided with sample locations
B SOPs No detailed description of sampling design. Procedures omutted, vegetative cover Reject
may have been removed prior to soil sampling thus biasing the sample. Samples
collected on a random basis, rather than by using a low energy gamma detector
such as a FIDLER to locate potential sample poimnts.
C. Field and No field logs or raw data available. No cham of custody records Selection and Reject
Analytical Records | 1dentification of sampling pounts not documented. No documentation concermng
deviation from sampling and analyss plan or standard operating procedures.
3 Data Sources Analyncal data results reported as averages rather than including hot spot valnes. Quahfied Accept
A. Analyucal Componite sal samples taken, samples analyzed for 239 PU only No chemical
analysis performed. Solubihity class for 239 PU not determmed.
B Noa-analyucal No field measurement data available for site such as particle sze, pi, clay content | Reject ‘
porosity of soil, wind direction, topography, respirable fracuon of PU, depth of
contamination n soil.
. 4 Analytical Methods Analytucal methods and procedures referenced. Quahty control measures stated but | Qualified Accept
not descnbed Method detection limts, sample specific quantitation hmits are
percent recovery not stated in report. Laboratory performing analynis cerfied by
EMSL-LV (EPA Environmental Radiosctivity Intercompanson Program.
H Data Review Data review process prior to publication of document 15 unknown. The timehness, | Reject
level and depth of review not stated m document. Level of quahity
assurance/quality control review unknown
6. | Data Quahity Indicators | No mdication 1f data collection and analysis problems affected the completeness of | Samphing Reject ﬂ
data sets Assumption 13 that 100% of samples collected were comectly analyzed. Re
A. Completeness No data quahfiers preseated with data. Only PU analyzed. Analyncal | Reject
Combmed | Reject
B Comparability Based on the data presented 1t 13 not possible to compare or eqmvocate the results Sampling Reject “
1n this report with other reports  Samphng not performed based on special or Re “
temporal vaniation. Analytical Ject
Combmed | Reject
C. Representativeness | The data cannot be used for a comprehensive quantitative nsk assessment because | Samphing Reject
only soil media was sampled, and collected in 2 manner that may not represent the Rerect
true PU concentrations at the ste. Only one exposure pathway was sampled (saul). Analyncal )
No air or water data 15 available directly related to the site. Combined | Reject
D Preasnion Field blanks, duplicates, and standard sl analynis were performed but the resulte Sampling Reject
were reported as a summary rather than a complete data set. Analyncal | Regect
Combmed | Reyoct |
E Accuracy The report states a plutontum tracer was 236 PU was added to the scil samples after | Samphing | Reject ‘
compositing 10 determme percent recovery However, no tracer was added to the Analyncal | Reject
field samples 10 assure 100% recovery durmng the sail collecuon and compositmg
process Combmed | Reject
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TABLE AL10

REMEDIAL ACTION PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND IN
SECTION 7, T2S, R69W SOUTH OF GREAT WESTERN RESERVOIR JAN., 15, 1987

Data Useatulity Critena Comments
Reports to Risk No data set mncluded, only data summary No mterpretation of data useabulity, no Reject
Assessor namrative summary describing specific sampling or analyucal problems results not
qualified for analytical limitations Interpretation of QC data 15 included.
Document not generated for use mn nsk assessment.
Documentation No work plan, sampling and analyss plan, or Quahty Assurance project plan Reject
A. WP/SAPIQAPP provided. Inadequate nite descnption, no detailed map w/sample locations.
B SOPs No detmled descniption of sampling design. Procedures omitted, vegetative cover Reject
may have been removed pnor to soil sampling, thus buaning the sample. Samples
collect on random basis, rather than by using a low energy gamma detector such as
a FIDLER to locate potential sample pomts
C. Field and No field logs or raw instrument data available. No cham of custody records, Reject
Analytical Records | selection and 1dentification of sampling pomts not document; no documentation
concerning deviation from samphng and analyns plan or standard operating
procedures.
Data Sources Analytical data results for composite soil samples only no ligh or hot spot data, Quabified Accept
A. Analytcal samples analyzed for 239 PU only, no chemical analynis performed and solubahty
class for 239 PU not determmed.
B Non-analytcal No ficld measurement data available for site such as particle nize, pH, clay content, | Reject
porosity of soil, wind direction, topography
Analytical Methods Analytcal methods and procedures and quality control measures hsted. Method Qualified Accept
detection limuts, sample specific quantitation hmits percent recovery not stated m
report. Laboratory perfformmg analysis cemtified by EMSL-LV (EPA Environmental
Radicactivity Intercompanson Program.
Data Review Data review process prior to publication of document 15 unknown. The umelmess, | Reject
level, and depth of review not stated 1n document.
Data Quality Indicators | No indication 1f data collection and analysis problems affected the completeness of | Samphing Reject
dats set. Assumption 13 the 100% of samples collected were comrectly analyzed. Analytical | Reject
A. Completeness No data qualifiers presented with data.
Combmed | Reject
B Comparsbility Based on the data presented 1t 15 not possible to compare or equvocate the results Samphing Reject
1n this report with other reports Sampling not performed based on specal or
temporal vanation, Analytical | Reject
Combined | Reject
C. Representaiveness | The data collected cannot be used for quanitative nsk assessment because only soil | Samphng Reject
media was sampled, and collected 1 a manner that may not represent the true PU Analytical | Rejoct
concentrations &t the site. Only one exposure pathway was sampled (soil) no air
dats 15 available darectly relating to the site. Combmed | Reject
D Preasion Field blanks, duphcates, and standard sl analysis wers performed but the results Sampling Qualified Accept
were reported as a summary rather than a complete data set. Analytical | Quahified A
Combaned thﬁedAeeqn"
B Accuracy The report states a plutoniom tracer was 236 PU was added to the soil samples after | Samphing Quabfied Accept “
compositing to determine percent recovery However, no tracer was added to the Analyncal | Quahfied
field samples to assure 100% recovery dunng the soil collection and composting Accep
process Combmed | Quahfied Accept
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TABLE Al.ll

SPECIAL REPORT 1989 CDH SURFACE SOIL SURVEY RESULTS

Data Usealuhty Cntena Comments Decision’
1 Repornts to Rusk No data set mcluded, only data summary No mierpretation of data useatuhity, no Reject
Assessor narmauve summary describing speaific sampling or apalytical problems results not
quahfied for analytical limitations Interpretation of QC data 15 included.
Document not generated for use m nsk assessment.
2. | Documentation No work plan, samphing and analysis plan, or Quality Assurance project plan Reject
A. WP/SAPQAPP provided Inadequate site description, no detailed map w/sample locations,
B SOPs No detailed descnpuion of sampling design. Procedures omitted, vegetative cover Reject
may have been removed pnior to soil sampling, thus baasing the sample. Samples
collect on random basis, rather than by using & low energy gumma detector such as
a FIDLER to locate potential sample ponts
C. Field and No field logs or raw instrument data available. No cham of custody records, Regect
Analyucal Records | selecion and idennfication of samphing pomts not document, no documentation
conceming deviation from sampling and analynis plan or standard operating
procedures.
3 Data Sources No mndication as to the analysis performed. Reject
A. Analyucal
B Non-analytucal No field measurement data available for site such as particle size, pH, clay content, | Reject
porosity of soil, wind direction, topography
I 4 | Analyucal Methods No analytcal methods hted. Laboratory performmg analysis not stated, Reject
5 Data Review Data review process prior to publication of document 15 unknown. The umehness, | Reject
level, and depth of review not stated 1n document.
6. | Data Quality Indicators | No indication 1if data collection and analyms problems affected the completeness of | Samphing Reject
‘ data set. Assumption 13 the 100% of samples collected were correctly analyzed. Analvtical | Rerect
A. Completeness No data quahifiers presented with data J
Combmed | Reject
B Comparability Based on the data presented 1t 15 not possible to compare or equvocate the results Samphing Reject
1n ths report with other reports  Samphing not performed based on special or Analytcal
temporal vanation. Some data reported as dpm/g other data reported as parts per 3
tnihon Combmed | Reyect |
C. Representativeness | The data collected cannot be used for quantitative risk assessment because only sal | Samphing Reject
media was sampled, and collected in a manner that may not represent the true PU Analyucal | Re
concentrations at the site. Only one exposure pathway was sampled (scil) no ar Joct
II data 15 available directly relating to the ate. Combmned | Reject
D Preasion No ndication of the number of field blank duplicates and standard sol analyns or | Samphng Reject
f.:eitwmmcdleaed. Results reported as summary rather than completed Analyncal | Reject
Combined | Reject II
B Accuracy Data summary does not nclude mformaton concemung percent recovery both for Sampling Reject II
the field and analytical samples Analyncal | Reyoct
Combmed | Reject

Decision Accept, Quahfied Accept, Rejoct
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TABLE AlL12

STANDLEY LAKE FISH TOXICS MONITORING REPORT, JANUARY 1990

Comments

Decision’

Reports to Risk

Assessor

Calculations of nsk from bronc uptake included. Sufficient fish sampling
performed at Standley Lake to charactenze this pathway Sampling hrmated to
Standley Lake, 50 results do not apply to Great Westem Reservoir or Mower
Reservorr  Results qualified for analyncal imuts  Document generated for use 1n
risk assessment.

Accept for Standley
Reject for Mower
Reject for Great Western

Documentation
A. WP/SAP/IQAPjP

EPA sample collection methodology referenced. No abliography provided. No
work plan sampling and analysms plan, or quality assurance project plan provided.
Inadequate site description, but map provided with general st samphing locations.
CDH Analytical Sample Methodology for reference.

Qualified Accept for Standley
Reyect for Mower
Reject for Great Westorn

B SOPs Some description of sample collection and handling Procedures referenced. Qualified Accept for Standley
Reject for Mower
Reject for Great Westem
C. Field and No field logs or raw data available. Idenufication of sampling locations mcluded. Acocept for Standley
Analytical Records Reyect for Mower
Reject for Great Western
Data Sources Pu-239, Pu-240, and 21 other gamma-emtting fission products analyzed. Am-241 { Qualified Accept for Standley
A. Analytcal not snalyzed. Pesticides and heavy metals analyzed. Reject for Mower
Reject for Great Western
B Non-analytical No duscussion of why speafic species of fish collected. No discussion of potential | Reject Standley
mechanism of bioaccurulation. Reject Mower
Reject Groat Westem
Analytcal Methods Analytical methods and procedures referenced. Duphcate analysis performed on Qualified Accept for Standley
channel catfish componte for quahity control. Quality control measurements not Reject for Mower
speafically descnbed. Reject for Great Westem
Data Review Data review process prior to publication of document 15 unknown. Level and depth | Qualified Accept for Standley
of review not stated Reject for Mower
Reject for Great Westem
Data Quahty Indicators | No mndication if data collection and analysis problems affected the completeness of
the data set. Data qualifiers presented with data.
A. Completeness
B Comparsbility

C. Representativeness

D Preasion

B. Accuracy

RFPapr200 a
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TABLE AL13

INTERIM REPORT ON SAMPLING AND ANALYSIS OF SEDIMENTS
AND CORES FROM GREAT WESTERN AND STANDLEY RESERVOIRS,
DECEMBER 20, 1973

RFPapr200 a

Comments
Reponts to Risk Report mcludes sample locations for site, however, data results cannot be correlated | Reject
Assessor with all sample locatons based on mformation provided m document. No data sets
mncluded, only data summary No interpretstions of data usesbility No narrstive
descnbing why msufficient samples were taken for radionuchde analysis No
correlation of gamma peaks histed m Table III with speafic radionuchdes
Document not genersted for use m nsk assessment. Intenm report does not
reference speafic data sources for summary of analytical results.
Documentation No work plan, sampling and snalyss plan, or quality agsurance project plan Reject
A. WP/SAP/QAPP provided. Maps provided with general locations of sample pomts Table IV does
not provide locations of sampling pants hsted.
B SOPs The summary of previous data does not reference specific sediments or core Reject
collection or sediment sampling procedures
C. Field and No field Jogs or raw data available. No cham of custody records selection and Reject
Analytucal Records | 1denuficauon of samphng ponts not documented. No documentation provided
descnbing why certain samples were insufficient for analyns. No documentation
for deviation from sampling and analysis plan or standard operating procedures.
Data Sources Analysis of radionuchde performed. Quahfied Accept
A Analytcal
B Non-snalytical No field measurements avalable for site-specific physical parameters. Reject
Analytical Methods Analytical methods not stated. Quality control measures not stated. Rephcats Reject
analysis not performed. Counting mstrument background values hsted. Method
detection limut percent recovery, LLD, and MDA not stated Laboratones
performing analysis not 1denufied.
Data Review Data review process prior to pubhcation unknown. Level of quality Reject
assurance/quahity control review unknown 1
Data Quality Indicators | No explanation of madequate sample designanion for a number of sample locstions | Sampling Reject
Assumption 15 that 100 percent of samples collected were correctly analyzed. No
A. Completeness explanation as to why some sampling pomts dentified on map do not have Analytical | Reject
corresponding analytical data. No data qualifiers presented with data. Am, H°, Pu,
Sr, Co, and other radionuchides were analyzed. Combmed | Reject
B Companability Since no samphng method was referenced, 1t would not be appropnate to directly Samphng Reject
compare the results of thus report wath other reports. Analyucal | Reject
Combmed | Reject
C. Representativeness | Sal and sediment media were characterized. Samphng Quahfied Accept
Analytncal | Reject
Combmed { Qualified Accept
D Preasion No mdication of field blanks, trip blanks, or mnternal standards collected. Counting | Samphing Reject
error net stated. Replicate analyss not performed. Analyucal | Reject
Combmed | Reject
E Accuracy No percent recovery analynis performed No descnption of QA/QC data. No Samphing Reject
documented QA review Anslytical | Reject
Combmed | Reject
Decision Accept, Qualified Accept, Reject
RN

040591




TABLE Al.14

GREAT WESTERN RESERVOIR SEDIMENT CORE DATA
GRAPHS, FEBRUARY 1985
DECEMBER 20, 1973

Comments
1 Reports 10 Rusk A cover letter 13 attached to the document that provides additional conclusions as to | Qualified Accept
Assessor the ongin of Pu 1n seciment. Samphing procedures are compared.
2. | Documentation No work plan, samplmg and analyss plan, or quality assurance project plan Reject
A. WP/SAPQAPP provided. No site description, but site map provided wath sample locations
B SOPs Limited descnption of samphng design. Procedures omitted. Reject
C. Field and No ficld logs or raw data available. No chan of custody records No Reject
Analytcal Records | documentation concerming deviation from samphing and analysis plan or standard
operating procedures
3 Data Sources Samples not analyzed for Am-241 Reject
A. Analytical
B Non-analytical No field measurement data available for site such as particle size, pH, clay content, | Reject
porosity of soil, wind direction, typography, etc.
Specific sampling procedures and analytical methods not referenced. Quality Regect
control measures not described. Rephcate analynis not performed. Method
detecion limit, percent recovery, LLO and MDA not statsd. Laboratory performmg
analynis 1dentfied.
Data review process prior to publication of document 1s unknown. The umehness, | Rejoct
level and depth of review not stated in document.
Dats Quality Indicators | No mdication if data collection and analyss problems affected the completeness of | Sampling Reject
the data set. No data qualifiers presented with data. Am-241 not analyzed.
A. Completeness Analytical | Reject |
Combmed | Regect l
B Comparability The attached letter to the report indicates that a different sampling methodologies Sampling Reject
were used in thus report. Analyncal | Reject “
Combmned | Rejoct
C. Representaiveness | The data may represent the actual concentranons of Pu m sediment but supportmg | Samphing Qualified Accept
documentation not provided. Analytical | Qualified A .
Combmed | Quahified Accept
D Preasmion No field blanks, trip blanks, mntemal standards, or standard sediment snalyns Sampling Reject
performed. Rephcate samphng not done. Standard devistion mcluded. Analyncal | Reject
Combined | Reject
E. Accuncy Percent recovery analyns not performed. Description of mmmmum QA/QC data not | Sampling Reject
ncluded. No documented QA review Anal 1 | Reject

Deaision Accept, Qualified Accept, Reject
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TABLE Al.1S

. PLUTONIUM LEVELS IN THE SEDIMENT OF AREA
IMPOUNDMENTS ENVIRONS OF THE ROCKY FLATS PLUTONIUM PLANT
FEBRUARY, 1975

’ 1 Reports to Rusk Report includes only sediment samphing for Sites 200-202. No mtrepetstion of data | Reject
| Assessor useability No narrative summary descnibing specific sampling or analytical
I problems Document not generated for use 1n risk assessment.
2. | Documentation No work plan, samplmg and analyss plan or quality assurancs project plan Reject
A. WP/SAP/QAPP provided. Detailed map of samplng locations provided.
B SOPs No descnpuon of sampling design  Procedures omuted. Reject
C. Field and No field logs or raw data available. Selection for process for samphing pomts not Reject
Analyucal Records | documented.
3 | Data Sources Analytcal results reported by depth Qualified Accept
A. Analyncal
B Non-analytcal No field measurements dats available for aite, such as particle size, pH, clay Reject
content, porosity of sal, wind direction, topography, etc.
4 Analyucal Methods Analytical methods and procedures not referenced. Quality control measurements Reject
not described. Rephicate analyss not performed. Method detection hmmts, percent
| recovery, LLD and MDA not stated.
5 Data Review Data review process pnior to publication of document unknown. The nmelmess, Reject
level and depth of review not stated 1 document.
6. | Daia Quality Indicators | No mdication 1f data collection and analyns problems affected the completeness of | Samphing Reject
data sets Assumption 1s that 100 percent of samples collected were correctly Analvocal | Rerect
A Completeness analyzed No data qualifiers presented with data. J
Combmed | Reject II
B Comparsbility It seems that sample pomnts taken here may be comparable sample poants m other Sampling Qualified Accept
reports Coordinates not given. Core and sediment samphng partially comparable
to aquifer m other reports Analytical | Qualified Accept
Combined | Quabfied Accept
C. Representativeness | This data may reflect the concentrations of plutonium m sediment, but no other Samphing Quahified Accept
pathways have been charactenzed. Anslyncal | Qualified Accept
Combmed | Qualfied Accept
D Preanon No field blanks, tnp blanks, mtemal standards, or standard sediment samphng Samphing Reject
analyns was performed. Replicate analyns not performed. Data sets not included. [ Iyncal
“ Counting error not stated. Rejoct
Combmed | Reject
E Accuracy Percent recovery analynis not performed Descnption of minmum QA/QC data not | Samphing Reject
included. No documented QA review No tracer to field samples to assure 100
peroent recovery Analyucal | Reject
Combimed | Reject
! Decision Accept, Qualified Accept, Reject
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TABLE Al.16

SURVEY OF RESERVOIR SEDIMENTS, JUNE, 1974

Data Useabality Critena Comments Deanion! H
1 Reports to Risk Report mcludes only sediment samphng for Sites 200-202. No mtrepetation of data | Reject
Assessor useability No narrative summary describing specific sampling or analytical
problems Document not generated for use m nsk assessment.
2. | Documentation No work plan, sampling and analyms plan or quahity assurance project plan Reject
A. WP/SAP/QAP;P provided. Detailed map of samphng locations provided.
B SOPs No description of sampling design. Procedures onutted. Roject
C. Field and No field logs or raw data available. Selection for process for sampling pounts not Reject
Analytcal Records | documented.
3 Data Sources Analytical results reported by depth. Quahfied Accept
A. Analytcal
B Non-analytcal No field measurements data available for aite, such as particle size, pH, clay Reject
content, porosity of sail, wind direction, topography, etc.
4 Analytical Methods Analytical methods and procedures not referenced. Quahity control measurements Reject
not descnbed. Rephicate analysis not performed. Method detection hmts, percent
recovery, LLD and MDA not stated.
|5 Data Review Data review process prior to publicanon of document unknown. The umelmness, Reject
level and depth of review not stated mn document.
6. | Data Quality Indicators | No mndication if data collection and analysis problems affected the completeness of | Sampling Reject
data sets  Assumption 1s that 100 percent of samples collected were correctly Rerect
A. Completeness analyzed No data qualifiers presented with data, ) ’
Combmed | Reject |
. B Comparability It seems that sample pomts taken here may be comparable sample pomts in other Sampling Qualified Accept ﬂ
reports  Coordinates not given. Core and sediment sampling partially comparabls Qualified
to aquifer m other reports y Acoept II
Combined | Qualified Accept
C. Representativeness | This data may reflect the concentrations of plutonium n sedmment, but no other Samphing Qualified Accept
pathways have been charactenzed. Anal 1 | Qualified Accept
Combmed | Qualified Accept
D Preasion No field blanks, trip blanks, intemal standards, or standard sediment sampling Samphng Rejoct
analysis was performed. Replicate analysis not performed. Data sets not included. Analyncal
Counting error not stated. Reject
Combmed | Reject
E  Accuracy Percent recovery analynis not perfformed. Descnption of mmmum QA/QC data not | Samphing Reject
ncluded. No documented QA review No tracer to field samples to assure 100 ot
percent recovery ) Rey
Combmed | Reject
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TABLE Al1.17

HISTORY AND EVALUATION OF REGIONAL
RADIONUCLIDE WATER MONITORING

Comments Deasion’
1 Reports to Ruk Report includes only sediment sampling for Sites 200-202. No mtrepetation of data | Reject
Assessor useability No narrative summary descnbing specific sampling or analytucal
problems Document not generated for use m nsk assessment.
2. | Documentation No work plan, sampling and analysis plan or quality assurance project plan Reject
A. WP/SAP/IQAP;P provided. Detailed map of sampling locations provided.
B SOPs No descnption of sampling design. Procedures omtted. Reject
C. Field and No field logs or raw data available. Selecuon for process for samphng pomts not Reject
Analytical Records | documented.
3 Data Sources Analytical results reported by depth. Quahfied Accept
A. Analytical
B Non-analyucal No field measurements data available for ate, such as parucle nize, pH, clay Reject
content, porosity of sal, wind direcion, topography, etc.
4 | Analyucal Methods Analytical methods and procedures not referenced. Quality control measurements Reject
not descnbed. Rephicate analysis not performed. Method detection hmats, percent
recovery, LLD and MDA not stated.
5 Data Review Data review process prior to publication of document unknown. The timelness, Reject
level and depth of review not stated mn document.
6. | Data Quahity Indicators | No indication 1f data collection and analysnis problems affected the completeness of | Sampling Reject
data sets  Assumption 15 that 100 percent of samples collected were correctly Analyocal | Rerect
A. Completeness analyzed. No data quabifiers presented with data. J
Combmed | Reject
B Comparability It seems that sample pomnts taken here may be comparable sample pomts m other Sampling Quahfied Accept
reports Coordinates not given. Core and sediment sampling partially comparable Quahified
to aqufer 1 other reports Analycal Accep
Combmed | Qualfied Accept
C. Representanveness | This data may reflect the concentrations of plutonium mn sediment, but no other Samphing Quahfied Accept
pathways have been charactenzed. Analyncal | Qualtfied A
Combmed | Quabfied Accept
D Precinion No field blanks, trip blanks, intemal standards, or standard sediment sampling Samphng Reject “
analyns was perfformed. Replicate analysis not performed. Data sets not included. Analytical | Regect
Counting error not stated,
II Combmed | Reject
E Accurxcy Percent recovery analyns not perfformed. Description of mimmum QA/QC data not | Sampling Reject
included. No documented QA review No tracer to field samples to assure 100 Analyncal | Reyect
percent recovery
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Decision Accept, Qualified Accept, Reject
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TABLE Al1.18

GREAT WESTERN RESERVOIR SPILLWAY
SEDIMENT SAMPLING PROGRAM

PHASE I AND II
.
Data Usealality Cntena Comments Decision’
1 | Reports to Rusk Narmauve summary mncluded interpretatnon of data.
Assessor
2. | Documentation Samphing and analyns plan included QA-referenced plan. Accept
A. WP/SAPQAPP
B SOPs SOPs included or referenced. Accept
C. Field and No field or raw data available. Selection process for sampling pants referenced. Quahfied Accept
Analyuncal Records
3 Data Sources Analytcal results reported i pCy/g for Pu.  An analysis performed with standard Accept
A. Analytical deviation statement.
B Non-analytcal No field requrements dta available for site such as particle mze, pH, clay content, | Reject
|L poronty of soil, wind direcuon, topography, etc.
4 Analytical Methods Analytical methods and procedures referenced. QC methods referenced replicate Accept
analysis performed. Method detection hmut, percent recovery, LLD and MDA
stated.
5 | Data Review Data review process pnor to publication of document 1s unknown. The timehness, | Reject
level, and depth of review not stated 1n document.
6. | Data Quality Indicators | No indication of data collection and analyns problems affected the completeness of | Samphng | Reject |
data sets  Assumuon 15 that 100% of samples collected were correctly analyzed. Analyncal | Rejecs II
A. Completeness No data qualifiers presented with data. Combmed | Reject
‘ " B Comparability It scems that sample pomts taken here may be comparable to sample pomnts m other | Samphing Qualified Accept
reports Coorcdinates not given Core and sediment samphing partially comparable
to aquifer m other Analytical | Quabfied Accept
Combmed | Qualified Accept
C. Representaniveness | This data may reflect the concentrations of plutonium m sediment, but no other Sampling Quahfied Accept
pathways have been charactenized. Analyncal | Quabified Accept
Combmed | Quahfied Accept
D Preasion Field blanks used. Replicate analyns performed. Counting error stated. Sampling Accept
Analytical | Accept
Combmed | Accept
E. Accurscy Descrniption of QA/QC dats referenced. No documented QA reviews Samimg Qualified Accept
Analytcal | Qualified Accept
Combmed | Qualified Accept ||
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Decision Accept, Qualified Accept, Reject

040591




TABLE OF CONTENTS

10 THE NATURE OF RISK ASSESSMENT

20 TERMINOLOGY .. ......
2.1 RISK ASSESSMENT AND RISK MANAGEMENT
22 RISK ASSESSMENT COMPONENTS

30 SCIENTIFIC BASIS FOR RISK ASSESSMENT

3.1 STEP 1. HAZARD IDENTIFICATION . .........

311 Epidemnologic data
3 1.2 Ammal Bioassay Data
3.1.3 Short-Term Studies .. ......
3 1.4 Comparisons of Molecular Structure
3.2 STEP 2. DOSE-RESPONSE ASSESSMENT
33 STEP 3. EXPOSURE ASSESSMENT
4.0 USER'’S GUIDE: RADIONUCLIDE CARCINOGENICITY

4.1 RISK CALCULATION - USE OF SLOPE FACTORS .
42 DESCRIPTION OF CONVENTIONAL METHODOLOGY FOR

RADIOLOGICAL RISK ASSESSMENT

PAGE

. B2
B-2
B-3

. B-6
B-6
B-6

. B-7

. B-7
B-7
B-9

B-10

B-14

. B-15

4.3 DESCRIPTION OF EPA’S METHODOLOGY FOR SLOPE FACTORS B-17

4.3.1 Internal Exposure
4.3.2 External Exposure

44 COMPARISON BETWEEN CONVENTIONAL AND EPA’S

METHODOLOGIES FOR RISK ASSESSMENT

RFPapr200 b B-1

B-17
B-19

B-21

040591




LIST OF TABLES

TABLE TITLE PAGE
B1  HEALTH EFFECTS ASSESSMENT SUMMARY TABLE
RADIONUCLIDE CARCINOGENICITY . . ... . .. ... .. B-l1
LIST OF FIGURES
FIGURE TITLE PAGE
B-1  ELEMENTS OF RISK ASSESSMENT AND RISK MANAGEMENT B-5

RFPapr200 b B-u 040591




1.0 THE NATURE OF RISK ASSESSMENT

Regulatory actions are based on two distinct elements, nsk assessment, the subject of this study,
and nsk management. Risk assessment 18 the use of the factual base to estimate the potential
health effects of possible exposure of individuals or populations to hazardous materials and
situations Risk management 1s the process of weighing policy alternatives and selecting the most
appropriate regulatory action, integrating the results of risk assessment with engineering data and

with social, economic, and political concerns to reach a decision

Rusk assessments contain some or all of the following four steps

¢ Hazard identification* The determunation of whether a particular chemical 1s or
18 not causally linked to particular health effects.

» Dose-response assessment. The determination of the relaton between the
magnitude of exposure and the probability of occurrence of the health effects in
question.

» Exposure assessment. The determination of the extent of human exposure before
or after application of remedial controls

» Rusk characterizaton: The description of the nature and often the magmtude of
human nisk, including attendant uncertainty

In each step, a number of decision pomnts (components) occur where risk to human health can
only be inferred from the available evidence. Both scientfic judgements and policy choices may
be wnvolved in selecing from among possible inferential bridges, therefore the term "nisk
assessment policy” 1s used to differentiate those judgements and choices from the broader social

and economuc policy 1ssues that are inherent 1n nnsk management decisions.
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2.0 TERMINOLOGY

Despite the fact that nisk assessment has become a subject that has been extensively discussed
In recent years, no standard defimtions have evolved, and the same concepts are encountered
under different names. The following sections discuss the varous terms and components

common to risk assessments and nsk management studies

21 RISK ASSESSMENT AND RISK MANAGEMENT

Rusk assessment 18 used to mean the charactenization of the potential adverse health effects of
human exposures to environmental hazards Rusk assessments include several elements.
descripion of the potential adverse health effects based on an evaluation of results of
epidemologic, clinical, toxicologic, and environmental research, extrapolation from those results
to predict the type and esumate the extent of health effects 1n humans under given conditions of
exposure, judgements as to the number and charactenistics of persons exposed at various
intensities and durations, and summary judgements on the existence and overall magnitude of the
public-health problem. Rusk assessment also includes characterization of the uncertainties
inherent 1n the process of infernng nisk.

The term risk assessment 1s often given narrower and broader meanings than adopted here. For
some observers, the term 1s synonymous with quantitative risk assessment and emphasizes
rehance on numerical results A broader defimttion includes quantification, but also includes
qualitative expressions of risk. Quanutative estimates of risk are not always feasible, and they
may be eschewed by agencies for policy reasons. Broader uses of the term also embrace analysis
of perceived nisks, compansons of risks associated with different regulatory strategies, and
occasionally analysis of the economic and social implications of regulatory decisions -- functions
that are assigned to risk management.

The term nsk management 1s used to describe the process of evaluating alternative regulatory
actions and selecting among them. Risk management, which 1s carrnied out by regulatory agencies
under various legislaive mandates, 1s an agency decision-making process that entals

consideration of political, social, economic, and engineering information with nsk-related
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information to develop, analyze, and compare regulatory options and to select the appropriate
regulatory response to a potential chronic health hazard. The selection process necessanly
requires the use of value judgements on such issues as the acceptability of risk and the
reasonableness of the costs of control

22 RISK ASSESSMENT COMPONENTS

Risk assessment can be divided into four major steps hazard identification, dose-response
assessment, exposure assessment, and nsk characterization. A nsk assessment might stop with
the first step, hazard 1dentification, 1f no adverse effect 18 found or if an agency elects to take
regulatory action without further analysis, for reasons of policy or statutory mandate For this
site, the hazard identification, although incomplete, has definitely established that plutonium 1s
present, and thus must continue through the subsequent steps

Of the four steps, hazard 1dentification 1s the most easily recogmzed 1n the actions of regulatory
agencies It 1s defined here as the process of determuming whether exposure to an agent can cause
an increase 1n the incidence of a health condition (cancer, birth defect, etc) It involves
charactenzing the nature and strength of the evidence of causation Although the question of
whether a substance causes cancer or other adverse health effects 1s theoretically a yes-no
question, there are few chemucals on which the human data are defimtive. Therefore, the
question 18 often restated 1n terms of effects in laboratory amimals or other test systems, e g,
"Does the agent induce cancer 1n test ammals?" Positive answers to such questions are typically
taken as evidence that an agent may pose a cancer risk for any exposed humans Information
from short-term 1n vatro tests and on structural similanty to known chemical hazards may also
be considered.

Dose-response assessment 18 the process of charactenizing the relation between the dose of an
agent administered or received and the incidence of an adverse health effect in exposed
populations and estimating the incidence of the effect as a function of human exposure to the
agent It takes account of intensity of exposure, age pattern of exposure, and possibly other
variables that might affect response, such as sex, lifestyle, and other modifying factors A dose-
response assessment usually requires extrapolation from high to low dose and extrapolation from
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animals to humans A dose-response assessment should describe and justify the methods of
extrapolation used to predict incidence and should characterize the statistical and biologic
uncertainties 1n these methods.

Exposure assessment 18 the process of measuring or esumating the intensity, frequency, and
duration of human exposures to an agent currently present in the environment or of eshmating
hypothetical exposures that might arise from the release of new chemicals into the environment.
In 1ts most complete form, 1t describes the magnitude, duration, schedule, and route of exposure,
the size, nature, and classes of the human populations exposed, and the uncertainties in all
estmates Exposure assessment 1s often used to identify feasible prospective control options and
to predict the effects of available control technologies on exposure

Risk charactenization 18 the process of esumating the incidence of health effects under the various
conditions of human exposure described 1n exposure assessment. It 1s performed by combining
the exposure and dose-response assessments The summary effects of the uncertainties mn the
preceding steps are described 1 this step.

The relatons among the four steps of nisk assessment and between risk assessment and nisk

management are depicted in Figure B-1 The type of research information needed for each step
18 also illustrated.

RFPapr200 b B-4 040591




ANINIOVNVN MSIH
ONV

INJNSSISSY MSiH
40 SLNaN3I 13

-6 3HNOIA

SUO|}oD puUD
suojsjoep Aoueby

/\

suoydo AuoyoinBe.
30 seouenbesuod
|09jj10d ‘ipjo0S
‘ajwoucose ‘yjjoey
ojlqnd §0o uolDN|DA]

suoljdo KiojojnBes
}0 juswdojereqg

(2uopoindod

uea|B b uj joe)je
OSI0APD Oy} jJO edUep|IU]
pejowyise eyp s| joym)
UOJIDZ|104004DYY) SN

~~——

(Lsuojypuod jueusyyp
Jspun pejodiouo to
peosuepedxe Ajjuerind
®Jo seinsodxe joym)
juewussessy eunsodxy

suoyojndod

jo uo|ipzise|oniolyd
‘seinsodxe pejousjjse
‘sjuowieInsooN pie|4

(¢suowiny uj esuep
~|o9U] puo esop ueemieq
diysuofjojes syj si joym)

)

\J y—esoQg

uowny of {pwjuo pup
esop Mo} o} yByy Joj
spoyjew uojinjodouixs

uo uojouIopU|

(eio0y)e esueapo ey
osnod juebp ey; seoQ)

uojjoolj|jpusp| piozoy

sjuebo

Jonojpuod o} sesnsod
—X® puD Sio8}je yjoey
®LISAPD }JO EUO|IDAIES]O
Pi®)} puo Aiojnioqo

ININIOVNYN AUSIY

INIWSSISSY MNSHY

HOYV3IS3IY

A8
NMY Hd

16—12—-2
JINOMXA

AAL] 18 G3r0xdgy
5@ A8 dIHIIHD

[} .
2LV —CZ6v0g SISNONIeEll




3.0 SCIENTIFIC BASIS FOR RISK ASSESSMENT

31 STEP 1 HAZARD IDENTIFICATION
Although the risk assessment process as 1t 13 currently practiced by federal agencies for the

estumation of carcinogenic nsk contains several relatively new features, the scientific basis for
much of the analysis done in nisk assessment 1s well established. This 1s especially true of the
first step 1n the assessment process, hazard identification Four general classes of information
may be used in this step. epidemmologic data, ammal-bioassay data, short-term studies, and
comparisons of molecular structure

3 1.1 Epdemuologic data

Well-conducted studies that show a positive association between an agent and a disease are
accepted as the most convincing evidence about human nisk. This evidence 18, however, difficult
to accumulate, often the nisk 1s low, the number of persons exposed 1s small, the latent period
between exposure and disease 138 long, and exposures are mixed and multiple Thus,
epidemnologic data require careful mnterpretation Even if these problems are solved satisfactorily,
the preponderance of chemicals 1n the environment has not been studied with epidemiologic
methods, and we would not wish to release newly produced substances only to discover years
later that they were powerful carcinogenic agents These himtations require rehance on less
direct evidence that a health hazard exists

312 Ammal Bioassay Data
The most commonly available data in hazard i1dentification are those obtained from ammal

bioassays The interference that results from animal experiments are applicable to humans 1s
fundamental to toxicologic research, this premuse underhes much of experimental biology and
medicine and 18 logically extended to the experimental observation of carcinogenic effects
Despite the apparent validity of such inferences and their acceptability by most cancer
researchers, there are no doubt occasions in which observations in ammals may be of highly

uncertain relevance to humans
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Consistently posiive results in the two sexes and 1n several stramns and species and higher
incidences at hagher doses constitute the best evidence of carcinogenicity More often than not,
however, such data are not available. Instead, because of the nature of the effect and the limuts
of detecuon of amimal tests as they are usually conducted, expenimental data leading to a positive
finding sometimes barely exceed a statistical threshold and may involve tumor types of uncertain
relation to human carcinogenesis. Interpretation of some animal data may therefore be difficult.
Notwithstanding uncertainties associated with interpretation of some amimal tests, they have, 1n
general, proved to be rehable indicators of carcinogenic properties and will continue to play a
pivotal role 1n efforts to 1dentify carcinogens

313 Shor-Term Studies

Considerable experimental evidence supports the proposition that most chemical carcinogens are
mutagens and that many mutagens are carcinogens As a result, a posittve response 1n a
mutagenicity assay 18 supportive evidence that the agent tested 1s likely to be carcinogenmic  Such
data, 1n the absence of a posiive ammal bioassay, are rarely, if ever, sufficient to support a
conclusion that an agent 1s carcinogenic  Because short-term tests are rapid and inexpensive, they
are valuable for screening chemucals for potential carcinogemicity and lending additional support
to observations from amimal and epidemiologic investigations

3.1.4 Compansons of Molecular Structure

Comparisons of an agent’s chemucal or physical properties with those of known carcinogens
provides some evidence of potential carcinogenicity Experimental data support such associations
for a few structural classes; however, such studies are best used to identify potential carcinogens
for further investigation and may be useful in prionty-setung for carcmogenicity testing.

32 STEP 2. DOSE-RESPONSE ASSESSMENT
In a small number of instances, epidemiologic data permut a dose-response relation to be

developed directly from observations of exposure and health effects in humans. If eprdemologic
data are available, extrapolations from the exposures observed 1n the study to lower exposures
experienced by the general population are often necessary Such extrapolahons introduce
uncertainty 1nto the estamates of nisk for the general populaion Uncertainties also arise because

RFPapr200 b B-7 040591




the general population includes some people, such as children, who may be more susceptible than
people 1n the sample from which the epidemiologic data were developed

The absence of useful data 18 common for most chemicals being assessed for carcinogenic effect,
and dose-response assessment usually entails evaluating tests that were performed on rats or mice
The tests, however, typically have been designed for hazard identfication, rather than for
determining dose-response relations Under current testing practice, one group of amimals 18
given the highest dose that can be tolerated, a second group 1s exposed at half that dose, and a
control group 18 not exposed. (The use of high doses 1s necessary to maximize the sensitivity
of the study for determining whether the agent being tested has carcinogenic potential) A
finding 1n such studies that increased exposure leads to an increased incidence has been used
primanily to corroborate hazard identification, that 1s, to show that the agent does indeed induce
the adverse health effect.

The tesung of chemicals at high doses has been challenged by some scientists who argue that
metabolism, or chemucals differ at high and low doses, 1.c., high doses may overwhelm normal
detoxification mechamisms and provide results that would not occur at the lower doses to which
humans are exposed. An additional factor that 1s often raised to challenge the validity of animal
data to indicate effects in man 1s that metabolic differences among amimal species should be
considered when ammal test results are analyzed. Metabolic differences can have important
effects on the validity of extrapolating from animals to man 1if, for example, the actual carcinogen
18 a metabolite of the admimistered chemical and the amimals tested differ markedly from humans
in thewr production of that metabolite A related pomnt 1s that the actual dose of carcinogen
reaching the affected tissue or organ 1s usually not known, thus, dose-response information, of
necessity, 1s based on admimstered dose and not tissue dose  Although data of these types would
certainly improve the basis for extrapolating from high to low doses and from one species to
another, they are difficult to acquire and often unavailable

Regulators are interested 1n doses to which humans mght be exposed, and such doses usually
are much lower than those admimstered 1n animal studies. Therefore, dose-response assessment

often requires extrapolating an expected response curve over a wide range of doses from one or
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two actual data points. In addition, differences in size and metabolic rates between man and
laboratory animals require that doses used experimentally be converted to reflect these
differences.

33 STEP 3. EXPOSURE ASSESSMENT

The first task of an exposure assessment 1s the determination of the concentration of the chemical
to which humans are exposed. This may be known from direct measurement, but more typically
exposure data are incomplete and must be esumated. Models for esnmating exposure can be
complex, even 1n the case of structured actuvity, as occurs mn the workplace Exposure
measurements made on a small group (e g, workers 1n a particular industnal firm) are often
applied to other segments of the worker population

Exposure assessment in an occupational setting consists primarily of esimation of long-term
airborne exposures in the workplace; however, because an agent may be present at various
concentrations in diverse occupational settings, a census of exposures 1s difficult and costly to
conduct. In the commumty environment, the ambient concentrations of chemicals to which
people may be exposed can be estimated from emussion rates only if the transport and fate
processes are known Alternative engineering control options require different estimates of the
reduction 1n exposure that may be achieved. For new chemicals with no measurement data at

all, rough estimations of exposure are necessary.

Some chemical agents are of concern because they are present 1n foods or may be absorbed when
a consumer product 1s used. Assessments of exposure to such agents are complicated by
vaniations 1n diet and personal habits among different groups in the population Even when the
amount of an agent in a food can be measured, differences in food storage practices, food
preparation, and dietary frequency often lead to a wide vanation in the amount of the agent that
individuals ingest. Patterns of use affect exposure to many consumer products, for example, a
solvent whose vapor 1s potentially toxic may be used outdoors or 1t may be used 1n a small,
poorly ventilated room, where the concentrations of vapor 1n the atr 1s much higher
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4.0 USER’S GUIDE: RADIONUCLIDE CARCINOGENICITY

The Health Effects Assessment Summary (HEAST) Table C summarizes the cancer slope factors
and umt nsk values for selected radionuchdes of potential concern at Superfund sites
contaminated with radioactive materials Radionuclides specific to Sites 200-202 are histed 1n
Table B1 These values were calculated by the Office of Radiation Programs (ORP) and are
intended for use by EPA nisk assessors during human health rnisk assessments conducted as part
of the Superfund remedial investigation/feasibility study (RI/FS) process HEAST users should
apply these values as specified by the radiation nsk assessment guidance provided 1n this section
and 1n Chapter 10 of the Risk Assessment Guidance for Superfund, Volume I, Human Health
Evaluation Manual, Part A (EPA/540/1-89/002), which 1s available from the Center for
Environmental Research Information at (513) 569-7562 As nisk assessment methodologies are
refined, slope factors and unit nisk values will be revised and updated n Table B 1

EPA classifies all radionuchdes as Group A carcinogens based on their property of emitting
romzing radiation and on the extensive weight of evidence provided by epidemuological studies
of radiation-induced cancers in humans Data denived from both human studies and amimal
experiments are used by EPA to construct mathematical models of exposure, dose, and risk to
esumate radionuchde slope factor values These models consider pathways of exposure, the
distinct metabolic behavior of each element by compound and the radiological characteristics of
each nuchide of concemn, the ime and duration of exposure, the radiosensitivity of each target
organ 1n the body, the latency period for cancer expression 1n these organs, and the age and sex
of individuals in the exposed population.

Siumular to chemucal nisk models, radiation models extrapolate cancer nisks at low dose and dose
rate exposures from nsks observed at higher doses using non-threshold, linear dose-response
relanonships. Because of the radiation nisk models employed, slope factors for radionuchides are
characterized as best estimates (1 e., maximum hkelihood estimates) of the age-averaged hifetme
total excess cancer risk per umt intake or exposure HEAST users should consult Volume I of
the Background Information Document for the Draft Environmental Impact Statement for
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Proposed NESHAPs for Radionuchides (EPA 520/1-89-005) for a more detailed discussion of
EPA'’s current radiation risk assessment methodology

Quantitative carcinogenic factors histed 1n Table B 1 include the following

slope factor = risk per umit intake of exposure = risk per pCi inhaled or ingested or as
nisk per year per pCi/m* due to external exposure

pathway-specific umit nsk = nisk per umt concentration 1n air, drninking water or soil
(external exposure) = nisk per pCym® (air), nsk per pC/L (water), nsk per pCy/g
(external exposure), or risk pCy/g (soil ingestion)

Umt nisk esumates for air, inhalation, drinking water, and soil ingestion pathways provided in
Table C were calculated by multiplying the appropnate inhalation and ingestion slope factors by
the mhalation rate (20 m%day), the water ingestion rate (2 L/day), or the soil ingestion rate
(109 mg/day), respectively, and by multiplying all values by the total number of days in 70 years
(1e, by the hfetime exposure = 365 days/yr x 70 yrs = 25,550 days) Hence*

nisk per pCym® (ar) = slope factor (risk per pCi inhaled) x
20 m*/day x 25,550 days

nisk per pCy/L (water) = slope factor (nsk per pCi ingested)
x 2 L/day x 25,550 days

nisk per pCy/g (soil) (soul ingested) slope factor (risk per pCi ingested)

x ([02 g/day x 1,825 days] + [01
g/day x 23,360 days]).

The designations "D," "W," and "Y" presented under the heading "ICRP Lung Class" in Table C
refer to the lung clearance times for inhaled particulate radionuchdes expressed as days (D),
weeks (W), or years (Y), as recommended by the Internatonal Commussion on Radiological
Protecton (ICRP). Gaseous radionuchdes, ¢ g, Rn-222, are assigned to class "g." "GI
Absorption Factors, f," are the fractional amounts of each radionuclide that may be absorbed from
the gastrointestinal (GI) tract into blood following an oral intake The ICRP lung clearance rates
and GI absorption factors provided in Table C are default values used by the EPA to calculate
radionuclide slope factors for inhalation and ingestion exposures, respectively. Apphcation of
values other than those specified in Table C will result in slope factors and umt nsk estimates
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different from those provided in the table At this ime, EPA recommends that risk assessors
should not replace or substtute for the default values hsted.

Values listed 1n Table C for external exposure are best esumates of the lifeime cancer risk due
to the wrradiation of an individual exposed to gamma-emitting radionuclides uniformly mixed 1n
soll. Unit nsk estimates for this pathway were calculated by multiplying the appropriate ground
surface slope factors by the effective surface density of soil (Le , 143 kg/m? = 0 10 m [soul depth]
x 1.43x10° kg/m® [so1l density]), and by multiplying all values by 70 years (1., by the hifetime
exposure) Hence,

nisk per pCy/g (soil) = slope factor (nsk per year per

pCvm?®) x 143 kg/m? x 10° (g/kg) x
70 years.

To estumate risk-specific concentrations 1n air from the umt nsk 1n air as presented in Table C,
the specified level of nisk 18 divided by the umit risk for air. Hence, the air concentration (in
pCvm®) corresponding to a best esumate of the increased hfetime cancer risk of 1x107% is
calculated as follows:

1x10°
unit nisk 1 (pCyym?)?

pCym® 1n air =

Similarly, to estimate nsk-specific concentrations 1n water and 1n soil (ingestion exposure), the
specified level of nsk 1s divided by the unit nisk for drinking water or soil ingestion Hence, the
water concentration (in pCyL) corresponding to a best esimate of the increased hifenme cancer
nisk of 1x10” 1s calculated as follows

-5
pCVL 1 water 1x10
= umt nsk m (pCyL)*
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and the soil concentration (in pCi/g) corresponding to a best estimate of the increased hifeme
cancer risk of 1x107® 1s calculated as follows

1x10%

umt nsk m (pCi/g)!?
(so1l ingestion)

pCy/g 1n soil
(1ngestion exposure) =

To esumate risk-specific concentrations 1n soil from the umt nisk from external exposure as
presented 1n Table C, the specified level of nsk 1s divided by the umit nsk for soil. Hence, the
soil concentration (1n pCy/g) corresponding to a best estimate of the increased lifeume cancer risk
of 1x107 1s calculated as follows.

1x10

umt nsk n (pCy/g)!
(external exposure)

pCy/g 1n soul
(external exposure) =

41 RISK CALCULATION - USE OF SLOPE FACTORS
The radionuchide slope factors 1n Table C of HEAST are the age-averaged lifenme excess total

cancer risks per unit intake or exposure An estimate of the total hfeime excess cancer nisk due
to continuous internal lifeame exposure (1.e, a 70-year average hifespan) to a radionuchde 1s

therefore.

R, =(CF) DT
where

R, = total hfeume excess cancer nisk

SF, = HEAST radionuchde intake slope factor (pC1)™*
I = annual radionuchde activity intake (pCi/yr)

T, = 70-year hfeume exposure (years)
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An estimate of the total hifeume excess cancer risk due to continuous external exposure to a
radionuclide deposited on ground surfaces 1s

R, = (SF) (O) (D

where

R, = total hfeume excess cancer nisk

SF, = HEAST radionuclide external exposure slope factor (yr - pC1)!
C = radionuchde concentration 1n soil (pCv/g)

T, = 70-year ifeume exposure (years).

External slope factors do not include contnbutions from decay products In some cases, these
contributions can be substantial and should be factored into the nisk calculations. For example,
to estumate the total lifetime excess cancer risk due to continuous, lifeame external exposure to
so1l contaminated with Pu-239, and Pu-240 (assuming secular equihbrium) should be calculated
as the summation of the nsks contributed by Pu-240 and the decay product that emuts photon
radiation, such as Am-241

The content of slope factors for chemucals has been well established by toxicologists to quantfy
nisks of chemical-induced cancer based on chemucal intake-response curves EPA recently
adopted this methodology to quantify radiation-induced cancer nisks for radionuchides 1n HEAST,
Table C This 1s novel for all radiological nsk assessors The HEAST slope factors for
radionuclides that are potential chemucals of concern at IHSS are presented 1n Table B.1. Before
mtroducing EPA’s methodology for radionuchide slope factors, 1t 1s necessary to describe the
conventional approach to nsk assessment. A description of internal exposure is presented
because the calculation for this route of exposure 1s sufficient to furmsh a clear paradigm of thus
standard methodology.

42 DESCRIPTION OF CONVENTIONAL METHODOLOGY FOR RADIOLOGICAL RISK
ASSESSMENT

Conventional nisk estimation for chronic intake of a radionuchide involves two independent and
separate steps The first step 18 to calculate the hifeame Commutted Effective Dose Equivalent
(CEDE) from the chronic hifenme intake of the radionuchide The CEDE 1s the weighted sum
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of the total dose equivalent 1n target organ(s) deposited over the 50-year period following the
intake of a radionuchide. The absorbed dose 1n the target organ(s) 1s calculated using ICRP
resprratory and GI tract models (ICRP, 1979) The second step 1s to estmate the rnisk associated
with the ifeume CEDE

In the first step, the lifeume CEDE 1s obtained by multiplying the dose conversion factor (DCF),
the CEDE per unit intake, by the total intake over the 70-year hifetime
CEDE, = (I(T)[DCF)

where

CEDE, = hfeime commutted effective dose equivalent (mrem)
I = annual radionuchde activity intake (pCi/fyr)

T, = 70-year lifetime exposure (years)

DCF = dose conversion factor (mrem/pCi).

In the second step, the radiation-induced cancer nisk 1s estimated using a nisk coefficient (excess
fatal cancers/mrem) to relate the hifehme CEDE (mrem) to the hfetime excess radiogenic cancer
deaths ICRP Publication 26 (ICRP, 1977) and NCRP Publication 91 (NCRP, 1987) recommend
the use of age-independent nisk coefficients of 125x10° and 100x10® excess cancer deaths,
respectively, for every umit CEDE (mrem) received to assess the hifetime excess fatal cancer risk
Following 1s this recommendation

R, = RC)(CEDE)
where
R, = lifetime excess fatal cancer risk
RC, = hifeume fatal cancer nisk per unit dose (mrem) !

CEDE, = hfetime commutted effective dose equivalent (mrem)

Thus, based on the DCF that uses the 50-year dose commitment model, the CEDE from a
constant chronic exposure 15 considered to be invanant over the individual’s 70-year hifetume
Because each step estimates cumulative dose and nisk over 70 years, both the lifeume dose
equvalent and the lifetime radiation-induced nisks are obtained and can be utihzed independently
1n the decision-making process
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The following 1s a description of EPA’s methodology to calculate the slope factors for both
mternal and external exposure to radionuclhides.

43 DESCRIPTION QOF EPA’S METHODO Y FOR SLOPE FACTORS

431 Internal Exposure

There are three main steps involved in EPA’s esttmation of the risks due to exposure to unit
intake of a radionuclhide. (1) the annual dose to susceptible organ(s) in each year of life 1s
calculated; (2) the annual dose 1n each year of life 13 related to the age-dependent cancer nsk;
and (3) the lifetime cancer nisk 1s obtained by summing the annual nisks to a hypothetical cohort
with an actuarial hife table

In the first step, EPA calculates instantaneous high- and low-linear energy transfer (LET)
absorbed dose rates and annual doses for each organ following one umt of inhaled or ingested
radionuchde at a constant rate for a ifenme exposure The internal dose models (GI tract and
lung models) that EPA uses to calculate doses are age-independent and are simlar or identical
to the models used in ICRP (1979, 1980, 1981)

In the second step, the nisk of fatal cancer from each year’s dose 1s calculated using age- and
organ-specific risk models adapted from the BEIR III report (National Academy of Sciences
[NAS] 1980) These risk models used by EPA are described 1n the following paragraphs

To project the number of radiation-induced leukemna and bone cancer fatalines, EPA uses an
absolute risk model, a 2-year latency period, and a 25-year expression period. An absolute risk
model predicts an absolute annual number of excess fatal cancers in future years 1n the case of
a population exposed at a given age per unit dose

To estimate the number of fatalites resulting from other cancers, EPA uses a relative risk model,
a 10-year latency period, and the remainder of an exposed person’s hifeume as the expression
period. The relative rnisk model projects the currently observed percentage increase in annual
fatal cancer nsk per unit dose nto future years (1. , the increase 1s proportional to the underlying
[background] fatal cancer risk)
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A central feature of this methodology 1s that 1t allows for other causes of death, so-called
"competing risks" occurring within the latent period, 1n the estimation of hifetime radiation risks
If an individual that had been exposed to radiation 1n a given population died either accidentally
or from natural causes, before the cancers resulting from irradiation are expressed, this death
would not be counted as a radiation-induced fatality A Life table consists of data describing age-
specific mortality rates from all these competing nisks. A life table consists of data descnbing
age-specific mortality rates from all causes of death for a given population EPA uses mortality
data from 1969 to 1971 United States population (National Center for Health Statstics [NCHS]
1975) 1n this nisk eshmation

To implement the hfeume nsk esumation, EPA uses both absolute and relative risk models (as
in the second step) n conjunction with actuarial life tables (as in the third step) to estumate the
number of incremental fatalities 1n a given population, or "cohort," due to radiation-induced
cancer n the reference organ as a result of the annual dose of each year of ife The hypothetical
EPA cohort consists of 100,000 persons born at the same time and all subject to the same
competing risks of death throughout their hifeimes Radiation exposure 1s assumed to begin at
birth and continue throughout the hifetime of each individual By applying the 1970 age-specific
mortality data for all causes, this population of 100,000 persons 1s reduced for each year of life
until all members of the cohort have died at 110 years

The incremental number of deaths 1n the cohort due to radiation-induced cancer for a given organ
18 estimated for each year using appropnate risk models and the calculated doses during that year
and relevant preceding years. The total number of incremental deaths for the cohort 1s obtained
by summing the incremental number of deaths for each year over all organs for 110 years
Therefore, the age-averaged hifeume excess fatal cancer nisk per umt intake of the radionuchde
1s simply the average number of incremental deaths over the 110 years for each individual 1n the
cohort

The radionuclide slope factors 1n HEAST, Table C, are the age-averaged hifetime excess total
cancer risks, instead of fatal cancer nisks, per umt intake Each slope factor has been calculated
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by dividing the excess fatal cancer risks for the radionuchide by the mortality to incidence risk
ratio for the type(s) of cancer induced by the radionuchide

4 32 External Exposure

EPA nsk esumation for exposure to soul contarmnated with gamma-emutting radionuchdes 1s
based on the scenario that an individual stands on an infimitely thick slab of soil with a umiform
source concentration for his entire hife (e g, a 70-year average life span) This EPA scenano

volves three main steps

In the first step, the absorbed dose rate 1n air at 1 m above ground (which represents the average
height of body organs for an individual standing on the ground) must be calculated. To manage
complicated calculations for photon attenuation and scattering soil, EPA simplifies the situation
by assumung that instead of standing on the infimitely thick slab of soil, this individual stands on
a smooth infimte plane source with a certain uniform surface concentraton This surface
concentration 18 obtained by confining the entire quantity of radioactivity within the top 10 cm
of the so1l slab to the very ground surface (zero depth) instead of uniformly dispersing 1t in the
soill Consequently, EPA’s hypothetical plane source with the zero-depth activity considers no
so1l shielding for the individual. EPA’s air and organ dose rate(s) calculation and the associated
nisk estimations, which will be discussed later, are therefore based on the hypothetical plane
source model instead of the infinitely thick slab source model The conversion between the soil
concentraton (pCy/g) in the soil slab and the EPA hypothetical surface concentration can be
obtained from the soil density of 143x10° (kg/m*) and EPA’s 10 cm soil depth concern  One
umt of soil concentration (1 pCy/g) 1n the slab would correspond to a hypothetical surface

concentration 1n the following manner:

1.43x10° (pCvm?) = (pCy/g)x0.1 (m) (depth)x1 43x10° (kg/m®) (density)x10° (g/kg)
where 0 1 m (soil depth) x 1.43x10° kg/m’® (soil density) = 143 kg/m? 1s the effective surface
density of soil

One umt of surface concentration (1 pCy/m?) on the soil surface would correspond to a

concentration 1n the slab in the following manner
(1 43x10°%* = 7x10° (pCv/g)
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Thus, 1nstead of calculating the air dose at 1 m above an infinitely thick soil slab source, EPA
calculates the air dose rate at 1 m above a hypothetical infimite plane source If an individual
18 actually standing on a uniform slab source with a soil concentration of 1 pCi/g, EPA would
report the 1 m air dose rate, his organ dose rate(s), and the associated cancer risks the same as
those obtained from a plane source with a surface concentration of 143x10° pCi/m? On the
other hand, EPA’s report for the cancer nisks from one umt of surface concentration (1 pCi/cm?)
18 meant to be for the actual situation if the individual 18 exposed to a uniform slab source with
a so1l concentration of 7x10 pCy/g.

In the second step, the absorbed rate 1n air must be converted to an organ dose rate The ratio
of the organ dose rate has been calculated for various organs at various photon energies for the
case of immersion 1n contamunated air. Ideally, a separate set of the ratio values would be used
for the angular and spectral distnbutions of incident photons from a umiform plane source.
Because these data are not available, EPA uses the same set of the ratio values for the air

immersion case as for the ground surface case

In the third step, the annual dose in each year of life 1s related to the age-dependent cancer nisk,
and the hfetime cancer nsk 1s obtained by summung the annual risks to a hypothetical cohort with
an actuanal life table This step 1s a combination of steps (2) and (3) described 1n Section 4 3.1.
The nisk from each year’s dose for each organ as obtained from step (2) 1s again calculated using
EPA'’s hife table concept 1in conjunction with the age- and organ-specific nsk models The total
number of incremental deaths from lifeame ground surface exposure 1n the 100,000-person cohort
18 also obtained by summung the incremental number of deaths for each year for 100 years The
age-averaged lifeume excess fatal cancer risks per umit surface concentration of a radionuclide
18 the average number of incremental cancer deaths over the 110 years for each individual 1n the
cohort. Using the mortality-to-incidence nisk ratio for the significant types of cancer that the
external exposure may induce, EPA converts the fatal cancer nisks to the total cancer risks as
required for the slope factors
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44 COMPARISON BETWEEN CONVENTIONAL AND EPA’S METHODOLOGIES FOR

RISK ASSESSMENT
There are two principal differences between the conventional and EPA methodologies for

radiological nisk assessment. First, the conventional risk estimation method produces an estimate
of the nisk of radiogenic cancers that are fatal and uses an age-independent risk coefficient. The
EPA nisk esumation method produces an estimate of the risk of all cancer incidence and employs
age-dependent nsk coefficients Second, the conventional nsk estimation method involves
calculanon of dose (CEDE) before calculation of cancer nisk. The EPA nisk estimation
methodology using HEAST slope factors estmates cancer risk directly from estmated
radionuchide intake and bypasses calculation of CEDE. Calculating the CEDE involves much less
uncertain models than estimating radiogenic risk. Thas 1s one main reason why the conventional
nisk assessment for a hifetime radiation exposure involves calculation of hifeume CEDE The
conventional methodology separates the more certain step (ifetime CEDE calculation) from the
less certain step (lifeume risk estimation) 1n the nsk assessment process This enables the
radiological nisk assessors and remedial action decision makers to use both dose and risk
parameters, taking into consideration the degree of confidence and certainty 1n each

The conventional method provides a fundamental parameter (1 ¢, the ifeume CEDE from a
chronic exposure to a radionuchide) that provides for comparison of the ifehme CEDE with
established dose imuts The hfetime nisks associated with the hfeime CEDE depend on only one
factor the nisk per umt effective dose equivalent, which 1s subject to variation as new scientific
information used to develop nisk coefficients becomes available In EPA’s methodology for
esumating the lifeme radiogenic nisk using slope factors, the step involving dose esumation 18
indistinct, therefore, the calculated lhfetme dose equivalent 13 not available Thus, the
radionuchide slope factors only provide the relanonship between the hfetime radiogemic nsk,
which has a relatively high magnitude of uncertainty, and the radioactivity intake Superfund
radiological nsk assessors also need to calculate the hifenme CEDE as used 1n the conventional
approach to furmish more scientific information for decision makers. This 1s even more 1mportant
at present because the slope factors for radionuchdes are undergoing review and revision in
HEAST, Table C.

RFPapr200 b B-21 040591



APPENDIX C

. GENERIC RISK ASSESSMENT FOR EXPOSURE
TO PLUTONIUM CONTAMINATION IN SEDIMENT
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1.0 SOME CONCEPTS OF RISK ASSESSMENT

The principal aim of radiation protection 1s to reduce the risk of detnnimental health effects from
radiation exposure. Risk has been defined as the probability that a detnmental health effect wall
occur 1n an individual or population. Mortality risk factors are helpful 1n identifying levels of
nsk associated with various acuvities and occupations. Mortality nisk factors are listed in
Table C 1 for various events. Almost every aspect of modern hiving exposes people to health
nsks. Ths table lists the estmated nisk of death to an individual from various human-caused and
natural accidents In all cases the numbers listed 1n this table are only estimates based on the
best guesses that can be made with our present knowledge.

One of the reasons for the lack of understanding about nisk 1s the manner 1n which nisk data are
typically presented. Rusk values are calculated based on mortality rates which are usually
numbers of an order of 10 per year The average person has little experience with exponential
notation and consequently little perception of the true sigmficance of the data. A 10° nsk
increases the chance of death by one person per million people exposed that risk.

Risk 1s usually expressed as either absolute nisk or relative nsk. When apphed to radiation
exposure an individual’s absolute risk of mortality for a specific cause such as cancer 18 the
excess risk from exposure added to his/her background nsk of death from cancer The term
hfeume excess cancer risk 1s used to describe the portion of absolute msk resuling from

exposure

The carcinogenic nisk or the cancer risk factor (lifeme excess cancer risk) provides an esimate
of the additional 1ncidence of cancer that may be expected 1n a population exposed to a given
contaminant. A nisk of 10°%, for example, indicates a probability of one addinonal case of cancer
for every 100,000 people exposed. A nsk of 10° would be 1 case in 1 milion people exposed
(EPA 1985). On an individual basis the cancer risk factor describes the additional risk of death

from cancer incurred as a result of exposure
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TABLE C.1

PROBABILITY OF DEATH BY VARIOUS CAUSES*
(U.S. Population Average for 1978)

S | Individual Rusk (Lafetime \
Cause Total Number of Deaths Probability)® |
t - ]
; . . Accidenty . |
{ Motor Vehicle 52,411 128x10? l
| Air Transport 1,880 6 0x10*
| Rmlway 602 2 0x10* ]
| Falls 13,690 4 4x10° |
| Fire 6,163 2 0x10° |
| Drowning 5,784 19x103 i
| Industrial 5,168 17x10* .
| Electrocution 984 3 2x10* |
| Explosion 562 1 8x10*
| Fircarms 1,806 5 8x10* |
{ Cardiovascular 964,000 3.1x10?
| Malignancies (cancer) 396,720 1.3x10?!
| Influenza/Pneumonia 58,230 1.9x10
| Diabetes 33,800 1.1x10?
| Natural Events
| Lightning 160 5 1x10°%
| Tornadoes 118° 3 8x10°°
| Hurricanes 90? 2.9x10° |
ﬂ Theoretical Calculated Generic Risk Assessment for Pu-239 II
Average Soil Concentration Individual Risk (Lafetime Probability)

01 pCi/g 6 9x10°
I 01 pCi/g 6.9x10°

1.0 pCig 6.9x107

10.0 pCy/g 6.9x10°

* EPA, 1990b

® Based on total U S. population
© 1953-75 average

4 1901-71 average
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The carcinogenic risk posed by exposure to a radionuclide depends upon three factors dosage
(esumated intake), the carcinogenic potency of the chemical (cancer slope factor) and the

exposure duration.

The carcinogenic potency of a substance depends, 1n part, upon 1ts route of entry into the body
(e g, ingestion, inhalation, or dermal). Therefore, cancer slope factors (CSFs) are classified
according to the route of admumstration that 1s applicable to the experimental or epidemiological
data from which they were denived. The EPA and other orgamzations have developed potency

factors for the ingestion and/or inhalation routes for some carcinogens

The length of exposure to a radionuchde must also be taken into account 1n the calculation of
carcinogenic risk since carcinogenic potency factors are based on long-term, low-dose exposure
and carcinogenic nisk 1s assumed to be proportional to dose

Absolute nsk takes into account the added nisk from exposure and background nisk. Site-specific
absolute nisk (AR) can thus be defined as

AR (cancer death) = Background Risk + Risk from Exposure to Plutonium

Based on the conservative assumptions presented 1n the generic risk assessment, the added nisk
from residential exposure from all pathways 1n an area of plutomum contamination would result
i an increase of 6.9x10° nsk for a plutonum concentration of 001 pCy/g, an increase of
6 9x10°® nisk for a concentration of 0 1 pCy/g, and an increase of 6 9x107 nsk for a concentration
of 10 pCy/g, and an increase of 6.9x10° nsk for a concentraton of 10 pCy/g

To put this risk 1n perspective, the natural cancer mortality rate for the U S. 1s about 20 percent.
However, for illustrative purposes we will use the values stated by EPA i Table C1 of
13 percent. An individual’s absolute risk of dying from cancer due to a 30-year exposure to
plutonium 1n soils during a 70-year hifettime would increase from 0 13 to 0 1300000007 at 001
pCvg and 0.130000007 for 1 pCi/g based on generic risk assessment assumptions Table C 2
lists the overall increase in absolute nisk resulting from long-term exposure to plutonum 1n a
residential setting
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TABLE C2

. OVERALL INCREASE IN RISK FROM EXPOSURE
TO PLUTONIUM IN SEDIMENTS AND SOILS

001 pCiig
01 pCig 6 9x10* 13x10" 130000007 0 0000005 percent
10 pCilg 69x107 13x10° 13000007 0 000005 percent

10 pCig
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2.0 GENERIC RISK CHARACTERIZATION

The EPA has requested that a generic nsk characterization be developed to assist the reader in
placing the potential nsk from plutonium 1n soils 1n perspective. Two EPA documents were
principally utilized to obtain general emussion, transport, and human uptake values. The two
documents were the "Transuranic Elements," EPA 520/1-90-015 and 016, June 1990, U.S EPA
Air and Radiation Programs, and the "Exposure Factors Handbook," EPA/600/8-89/043, May
1989, U.S. EPA Office of Health and Environmental Assessment. These values were then used
to perform calculatons based on the formulas found in Chapter 10 of the Risk Assessment
Gudance (RAG) for Superfund Human Health Evaluation Manual, Part A, Interim Final, U.S.
EPA Office of Emergency and Remedial Response, September 1989 In addition, the Health
Effects Assessment Summary Table (HEAST) was utilized to calculate pathway-specific nisk.

2.1 EXPOSURE PATHWAYS
The generic nisk assessment uses human uptake values published in previously cited EPA

documents

The following exposure pathways have been retained 1n the generic nsk assessment because of
therr potential to be available to human receptors based on the current and future land use
condition of residential home setting:

*  Water ingestion of soluble plutonium
»  Water ingestion of suspended plutonium
» Ingestion of aquatic species

o The receational scenario retains the pathways listed above with the additional
pathways of:

- Ingestion of plutonium 1n so1l as exposed sediments
- Inhalation of resuspended soil-sediment
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22 EXPOSURE PATHWAY ASSUMPTIONS
In calculating nisks to the general public in this report, the estimates of exposure are performed

considering an appropriate individual that 18 presumed to remain at the point of specific potential
exposure (001 pCy/g, 01 pCy/g, pCi/g, 10 pCy/g) at all umes of their hifetmes -- 24 hours per
day, 365 days per year, for 30 years -- and makes ordinary use of the contaminated media to the
greatest extent possible For example, this hypothetical individual could breath only air at the
specified contamination level on-site boundary, or ingest water while boating or swimming. All
dninking water 1s assumed to beprovided directly from the lake/reservorrs, and no filtration 1s
performed. Thus, the esumate of exposure or nisk to the general public approximates the
reasonable maximum exposure scenario (RME) identified by EPA guidance.

Intakes of plutonium have been estimated on the basis of the RME scenarios for both current and
future land use conditions. The RME 1s defined by the EPA (1989) as "the highest exposure that
18 reasonably expected to occur at the site  This concept 1s also set forth in EPA’s preamble to
the adoption of the NCP. In the preamble, the EPA explains that the concept of RME is
designed to include all exposures that can be reasonably expected to occur; 1t does not focus on
worst-case exposure assumptions. Only potential exposures that are likely to occur are to be
included 1n the assessment of exposures. The EPA further cautions against the use of unrealistic
exposure scenarios and assumptions. The RME 1s the product of factors that are an appropriate
muxture of values that are conservative 1n that they tend to overestimate nisk, but they are within
a realistic range of potential exposure The selection of parameter values 1s based on a mixture
of values charactenistic of either average individuals or within a 95 percentile distribution for the
public to determune a reasonable overall assessment of potential exposures to individuals.

Parameters that were common for all scenarios were used 1n the calculaton of risk as follows:

1. Current and future land use scenano of recreation occurring at the reservoir and
lake

2 On-site concentration of plutomum 1in transport media does not increase nor
decrease over time

3. An on-site air intake of 10 cubic meters per day for a 70 Kg adult received over
a 40-year duration
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4 A water intake of two-liters per day taken unfiltered from the lake/reservorr

5. An average soil intake rate of 109 grams per day for a 70 Kg adult received over
a 30-year lifeume (this represents a combined 200 mg/day soil ingestion rate for
years 0-6 and a 100 mg/day soil ingestion rate for years 7-30)

6. A plutonium 1n sediment bioavailability of 100 percent based on the soil sediment
ingestion and foodstuff pathway

7. A cancer slope factor of 3.1x10"!/pCt ingested, and a slope factor of 4.1x10*/pCi
inhaled.

Table C.3 details the major assumptions used in the generic risk assessment for plutonium in
sediments.
TABLE C3

MAJOR ASSUMPTIONS USED IN THE GENERIC
RISK ASSESSMENT FOR PLUTONIUM IN SEDIMENTS AND SOILS

I NN N

Exp® Duration 30 years
i Ingestion of Drinking Water Exp Duration 30 years
i Intake 2 Iiters/day

Ingestion of Aqautic Species 30 years

195 gr/day

Exp Frequency

120 mg/day

| Incidental Ingestion of Water Exp Duration 40 years
‘ Intake 0 2 liters/day

* EXP - exposure
® RME - Reasonable Maximum Exposure
¢ Based on long-term wind patterns near Rocky Flats Plant
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Table C4 summanzes the results of the calculations provided in the spreadsheets located in
‘ Attachment 1, and Figure C-1, and Figure C-2 provide a graphic depiction of the excess cancer

nsk for the conservative residential and recreational scenario, respectively.
Review of Table C5 suggests that the added lifeume excess cancer nsk for all potentially

exposed members of the public would be 1n the range of 7x10? to 7x10°. These generc
estimates of ifetime excess cancer nsk are within the U.S EPA’s target risk range of 10 to 10'¢
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3.0 SUMMARY

The nisk values calculated for all of the various scenarios and exposure pathways indicate that
no immunent threat to the public 18 produced from 239 Pu concentrations of 0 01 pCyg, 0.1

pCvg, 1 pCyg, or 10 pCy/g.
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DOCUMENT D-1

"Radioactivaty Levels 1n the Environs of the Rocky Flats Plant,
Golden, Colorado, 1970"

‘ (1971) B

by

U.S. Environmental Protection Agency ‘

RFPapr200 d 04/04/91
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Inticducrtior and Background

Dur.n. the week ot February 23, 1970, representatives of tne water
Qualit,y Gi’ize visited tne Rocky Flats Plant of the Atomic Energy Comris-~
sion (AEC) Located approximately 21 miles northwest of Denver, Colorado,
tetween Golden and Boulder, tne facility is operated by tne Dow Cnemicel
Company under contract to the AEC The purpose of the visit was to obtain
information on liquid radioactive waste management practices at the facility
ard the environmental surveillance activities in the plant environs Cor-
respondingly, related discussions on the surveillance activities or tne
State of Colorado were held with personnel of tne Department of Health,

Division of Air, Occupational, and Radiation Hygiene

Tne Water Qualaity Office was represented by Dr. Milton W. Lammering
and Mr. Robert C Scott, both of the Radiological Activities Section, Divi-
sion of Technical Support, Cincinnati, Ohio, and Mr Thomas M. Carter,
Missourr Basin Region, Kansas City, Missouri. 1In the discussions wita per-
sonnel of tne AEC and Dow Chemical Company, Mr. A. Hazle represented the
Colerado Department of Health, Division of Air, Occupational, and Radiation

Hygiene

Normal operation of the plant involving the production of plutonium
parts for nuclear weapons results in the release of small quantities oif
plutonium to the environment via the liquid waste treatment system In addi-
tion to tnis controlled and regulated release mode, accidental plutonium

releases hase occurred on three occasions: a) a major fire in 1957,




o) lea a-e ircer o storace fiela of drums coniariire nlu oroum-contarnrated

011 (sore “.re daring 1955 throush 1067), and c) & magor f.re on ‘z) 11,

o -

\
1.{9 Tae la.% _ncident «as the subgect of a nignly critical repomn

L sawecrr.itiee of tie Colorado Lormittee for Env.oronrmenitol Irformniion

N

Psl_c - 2 tne release of tae Corrutiee's report, a rasa of articles erpeerc
_- ~-2 -52.l news media on the puclic health amplicaiionec of tae lay li z.:c

ac ell ac tane general tireat to public healta and safely nosed o, tne (On-

ct

iried opera.ion of tae plent. /Flthouga WQO invol rement vas in response oo
11e puoblicized zontroversy surroundang the plant, lae evzluetion o) wQ0 per-
sonael /as lirated to a reviev of liquid radwaste nancgerert practices a~d a
vrael, nut intensive, sempling program to determine plutoniun levels 11 tuc

atercource cross.ng the »lant boundary and nearby la..cs5 and reservoirs

".ral;atloas of tne probabilities of futlure fires, c.plocions, and craiticalily
accadents at the plant and the aealth hazards associaled vita saci inc.dents
are be,ond tne realm of the vesied responsibilit.es erd authority of tae

‘ater Gualizy Office

A previcus Federal inspection of waste disposal practices &t the Roc.y
T™ats Plant vas conducted on December 18, 1903, oy ..r. heith F. Chrismen, a
sar_tesy encineer in Regio. VIII, Public lealth Jervice, Departmers of ueally,
Zd.cal_on, and Velflare In rccomnmending no nced ior remedial action, 1l was
noted that {lne Colorado Htate Depariment ol ncall. ad concluded tTnat tae
Tacility vas not & source of detrimental water pollution  The State's poc.-

t20a aas not changed 1n tne inlervening years




Tie following sections of this report perta:n to the findings of
t1e February investigation  Tnerefore, discussion of tne environmental
lesels of plutonium 1s limited to soil, water, and bottom sediment A
second rerport will cover the September 1970 study to determine tne plutor-
iun levels in the aquatic biota inhabiting Great Westerm Reservoir ard
Standley Lake and the general distribution of plutonium in the bottom sed.-

ment of Great Western Reservoir.

Liquid Waste Management Practices

A1l material in the liquid waste effluents from tne Rocky Flats Plant
ultimately reach Great Western Reservoir, a multiple-purpose reservoir with
a mafimum storage capacity in excess of 3100 ecre-feet. Liquid radioactive
wastes, after dilution with treated sanitary sewage, flow through a system
of four small retention ponds connected in series The overflow from tais
pond system flows down the south fork of Walnut Creek, and subsequently,
into Great Western Reservoir (refer to Figure 1). The mouth of Walnut Creek
1s approximately four miles downstream from the outer plant boundary Except
during the soring melt, flow into Great Western Reservoir from Walnut Creek
1s comprised almost totally of liquid wastes from the plant. Great Western

Reservoir 1s the puolic water supply source for the City of Broomfield

On-site discharges of liquid redwastes are made at several buildings

as indicated by the following list.




-

Buildang

Identification Number Magor Activity Carried Out in the Building
Lk Handling of uranium-contarminatled material
771 Plutonium recovery
T7h Treatment facility for liquid radwastes
776 Holding tanks for laandry wvastes irom

Building 778 are located in this building

779 Lavoratory
831 Handling of uranium-contaminated material
a5 Treatment facility for sanitary wastes

Tne disposal of liquid radwastes from Buildings a4bbd, (71, 776, 779, and 861
1s based on the results of chemical analyses of each balch. Normally,
wastes from Buildings 771 and 779 are discnsrged to the drainage ditcn
carrying wastes to the retention pond system at a point upstrearm from the
sewage treatment plant discharge. Liquid wastes from Buildangs Lk, T76
(laundry wastes), and 881 are mixed with raw sewaze and pass through tne
biological treatment process If, however, anal sis of the waste batcn
shows trat a specific constituenti(s) exceeds the concentration limit(s) for
discherge without treatment, ine batch .s tranclerred to Building 774 for
the required treatment For laundry wastes, treatment 1s requaired if the

follovang limits are not met.
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Plutoniw. - 3500 dpw/1 (appro- 1600 pCa/l;*
Jirtrate (Loi) - L3 me/l
S

Jeravaler t chrom.um - 1 0 mg/l
Jomze trat_or limats {or treated waste daiscuner_es :von Luildainy 77~ and
~rcowcabl, other buildings, are Lne came as tnose cited above for .sundry
wagstes waste voluries discharged to tone drainage ditch and the se aze trea.-
me~t plant during the last analf of 1369 and tae corresponaing esmourts of

gross alpha activity are listed in Taole I

Two basic processes are available for the treatreni of lic.id vwaszes,
1) chemicazl precipitation and sand filtration, and 2) eveporation with tae
water vapor vented to the atmospaere  As shown on tne detailed process flovw
sneet (Arrendaix A), flexibility of operation esicts within and bet /een tne
two processes In general, wastes classified as "hich radioactiviz, - low
ritrate" wastes are processed by chemical precipitation ard filtration,
enalyzed on a batch basis, ard discharged to the drainoge ditcn upstrean
from the sewage treatment plant. "llign nitrate" wastec are evaporated Hdo.-
erer, due w0 tae limated capacity of the evaporalor, high nitrate wastes are
stored 1ritially in a scries of three aspnalt-lired esaporation ponds for
volune reduction Evaporalive losses have been sufficiently grect to preve -t

a continuing increase in the volurme of stored waste Sludge produced . tre

* fApout o' e-third of the effluent limit for dissolved plutonium-239 as
specified in 10CFR20, Appendix B, Table II. Assurirg the plutoniun is
tot21ll, 1in solution 1s conservative since the corresponding limit for
insoluble plutonium 1s 30,000 pCi/l
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decontiaminazion of liquid radJastes 1s drumred for cll-site buria. at tne

a.1onl Reactor Test.ng Stet.or (Ideno)

e sewage treatment plant 1s zn extended aeratio: facilit, «1t1 a

ci1lorzratea effluent Altaoug.. tne purpose of tane plart s tue treatlment

ol mo--radioactive sanitary Jastes, some degree oI cecontaminat.or of tae

'Y

agvastes Zrom Buildings 444, 776, and 881 1s also achiesed b, the treatnert

n

rocess T1e uranium-contaminaled sludge from the digecter is buried :in an

[ 4]

e}

or-site lardfill unless establisned radicactivity lirmits are exceedea In

tne latter case, the sludge 1s drumned for snipment to ine National Reactor

)
®

Testirg Stataon  The plant effluent also has a dilution effect on wastes

discnarged to the drainage ditch from Buildings 771, 774, and 775

Altaougn tae system of ponds receiving the coroined plant effluent
was designed to provide retention of liquad wastes before entry into tae
unrestricted environment, the ponds also function as a series of oridation
pords providing additional treatment of the organic-bearing wastes Simi-
larl,, tae lukurious algal growtas undoubtedly produce additionel decon-
tam~mat:on of tne planiy wastes. Ilowever, tais reduction in tne anmount of
radiocctivity released to the environment will not be realized on a long-
tertt basis 1f the ponds are scoured during periods of high run-oif  The
effluent fron the pond ssstem 1s sampled proportional to flow and com-
posited for analysis (gross alpha, nitrate, phospnate, fluoride, and hexa-
valent chromnium) Gross alpna eactivity in the effluent is usually on tae

order of 15 pCi/l which by inference indicates that plutonium releases are
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2
.well below the operational 1limit of 1600 pCi/l. Phosphate concentration

data for 1969 were as follows:

Maximum - 38 mg/l as POE
Minimum - O.4 mg/l
Average - 8 9 mg/l

Due to decontamination in the sewage treatment plant and retention ponds,
the net release of gross alpha activity to Walnut Creek during the last half
3

of 1969 should have been less than the total of 11.3 x 10 ° curies shown in

Table I

Environmental Surveillance

Monitoring of environmental radioactivity levels in the environs of
‘ the Rocky Flats Plant is conducted routinely by personnel of the Dow Chemical
Company. Based on the semi-annual monitoring reports published in the U. S
Public Health Service periodical, "Radiological Health Data and Reports,” the

operational deteils of the surveillance program are the following:

Type of Sample Descraiption

Alr Continuous air samples are collected at Coal Creek
Canyon, Marshall, Boulder, LaFayette, Broomfield,
Wagner School, Golden, Denver, and Westminster
Analyses of monthly composite samples are reported
as a single average concentration for all stations.

Water Except during winter months, monthly samples are
collected from Baseline Reservoir, Great Western
Reservoir, Standley Lake, and Ralston Reservoir.

Vegetation Semi-annual collection, 1 e , during one month of
each six month reporting period. Samples are
analyzed in accordance with two collection zones,
less thean four miles from the plant and four to

‘ eighteen miles from the plant
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.r ~rocs alnna levels acove natural bac.ground .r lae reGid sarpied as ae

result o. plant operations (inclading accudental releases). Since tnere ic
no .aformation to indicate otnerv/ise, i 1s assamed L.aal lue gross alpia
results _or vater sarples are representatise of iLotal activity (suspeaded

wlus dissolied)
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Table II

Gross Alpne Activities in the Environs

of the Rocky Flats Plant

Composite Air Samples (pCl/M3 X 10-2)

1968 January 0.3 1968 July
February 2.2 August
March 05 September
Apral 0.5 QOctober
May 0.3 November
June o7 December

Grab veter Samples (pCi/1)

Great Western Reservoir
Standley Reservoir

Baseline Reservoir
(7 mles north of site)

Ralston Reservoar

Vegetation (pCi/kg)

Octooer 1967
< 3 miles

3-18 miles

Octover 1968
< & miles

4-18 T1les

May 1269
< 4 mles
—-18 mles

Jan -June

1968

2.3
1.3

1.2
L,2

120 (21)*
118 (ko)

%0 (62)
96 (bk)

8L (39)
77 (20)

0.5
05
06
07
0.4
0.7

1969 January 05
February O &4
March 0.2
April 03
Mey 03
June 0.3
July-Dec. Jan -June
1968 1969
l.h llh
1.5 1.5
0.9 0.9
2.8 2.8

* ~moer in parentheses denotes number of analyses

Source, References 3, L, and 5
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tire period extending frozm one day after tne Tire t.rou: Octorer 1So3 Tne
Srate deni-1 Department also conducted an extensi.e co.l and 20TITo™ sed.me o
sampl.ng, program in Feoruary 1970 Soil samples were collectea 131 T'e arec

arourd T plant up to a raximum radinl distance of si¢ miles. Bcitor sed.-

rment samples were collected from Walnut Creek, woman Creel, Great Wester

U

ece~;o1r, ‘lower Reservoir, Standley Lake, and Ralston Reservoir  Arai, ses

Loke]

or strortium-89 and 90 and plutonium-239 were pertormed by tae Puolic dealta

Ser.1ice Soutawest Radiological Healta Laboratory (Appendixs B)

Following the May 11 fire, members ot the Colorado Committee for
Ervironmental Information also undertook a limited program to determine
plutoniun levels in Colorado eastern slope soils and at locations ir tae
vicinity of tue Rocky Flats Plant In addition to tne soil samples, water
and bottom sediment samples were collected from Walnut Creex, Great Western
Reservoir, Calxins Lake, Ralston Reservoir, and tnree more distant lakes:
Boulder Reservoir (nortaeast of Boulder), Dodd's Lake (northeast of Boulder),
and Boyd Lake (Loveland, Colorado). Based on the results ootained for the
so1l samples, it was concluded "tnal curies to tens of curies of plutonium
from tne Rocky Flats Plant have been deposited in off-site areas.” This is
in contrast to the estimate of O 3 curie by the State of Colorado Department

of Health (Appendix B)

Water Quality Office Study

Sampling Procedures

Environmental samples were collected on February 25 and 26, 1970 by wWater

Quality personnel with assistance from Mr A dazle, Colorado Department of




sealta Tne types of samples consisted of water samples, bottom sediment
samples, a~d filter sand and clarifier underflow samples from tne Broomiield

vater Treatment Plant

Sa~rlirng staticn locations for water end bottom sedinent sanrles are

"reserted 1n T=ole III and Figure 1. Botzon sedime:t somnles were collected

t, cera tie pottom area below ine vater line vath a 11nd trowvel — By

[£aY
-
&

m

using th.s procedure, eacn sediment sample wes representative of the botiom
most read:=ly a.zilable for physical and cnemical reaci.ons with dissolved
constitueats _n tne water and recentl; deposited material Grab samples of
waler vere collected in ore gallor plastic containers, 2 to 5 gallons per

sample

‘ So1l sarples (top 1/4" - 1/8" of so1l) vere collected with a hend

wrovel at tharee locatioas:

(=

Ungrazed area near tne souineast corner of Great VWestern keservoir, west

of tiae service road.

[AB]

Appror.mately 50 feet southeast of the road culiert conveying Woman Creca
under Indiana Streetl Area nas been greazed in the pesi.

Lortn side of Calkins Lahke, avout 300 feel east of lue water intase cta-

L8]

tior (. razed field)

T.ue sampling site near Greal Vestern Reservoir was ir iae . eneral area o. the
location et nica the Colorado Committee for Environmential Informat_or

~

ocoserved tae ~ayaitur pluitoniun-z3) concentration is soil
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Filter sand samples, oefore and after bacxwasning, and a sarmple of
tne clarifier underflow were collected at the BroomIreld water Treatiment
Plant Tae filter sand samples were collected by scraping tne surface ot
tne sand bed witn a nand trowel., The sample collected at the termination
of the filter run was a mixture of "scum" and filter sard (white), tae scum
revresenting alum floc carried over from the clarifier. Clarifier .nder-
flow, & heavy slurry, was the product of alum coagulation of Great Western
Reservoir water Due to meantenance work on one of the t+o treatment cir-
cuits, the 5 MGD plant was nydraulically overloaded at tne time of semple
collection Raw water chemical dosages were 50 mg/l alum, 20 mg/l soda ash,
1.0 mg/1 actavated carbon, and O S5 mg/l Palmer coagulant (product of the

Calgon Corporat10n).6

Analytical Procedures

The analytical procedures for determining gross alpha radioactivity,
total alpha radium, uranium, plutonium, strontium-89 and 90, and tritium
concentrations in the various environmental samples are described in detail
in Appendix C Pretreatment of water samples consisted of filtration througn
a membrane filter of 0.45 micron porosity Sediment and soil samples were
dried at 103°C and ground to pass a No. 100 mesn sieve before specific

analyses were initiated.

Since the analytical procedure for plutonium determines “"totel"
plutonium, the individual results represent the contributions of plutonium-
238 and 239, not plutonium-239 alone. By virtue of tneir widespread occur-

rence in tne atmosphere, both isotopes of plutonium were probably present in




1k

Table III

Sa.mgllng Stataions

Station
Number Descraiption (Date of Collection) Type

1 South fork of Walnut Creek at site boundary Water, Bottom
(2/25/70) Sediment

2 Middle fork of Walnut Creek, 50 feet up- Water, Bottom
stream from confluence with north fork Sediment

(2/25/70)

3 Main stem of Walnut Creek; 50 feet down- Bottom Sediment
stream from confluence of south fork with
middle and north forks (2/25/70)

L Walnut Creek at Indiana Street (2/25/70)
(2) East side of culvert Water
(b) West side of culvert at edge of small
pond Bottom Sediment

5 Great Western Reservoir at mouth of Walnut Bottom Sediment
Creek (2/25/70)

6 Great Western Reservoir, east end - raw Water
water sample collected at Broomfield Water
Treatment Plant (2/25/70)

T Great Western Reservoir, south shore - com- Bottom Sediment
posite sample collected elong approximately
one-half mile of shoreline extending from the
dam (2/25/70)

8 Great Western Reservoir, south shore - com- Bottom Sediment
posite sample collected along & 25 foot strip
in 2 to 5 inches of water (2/26/70)

9 Great Western Reservoir, south shore - dis- Bottom Sediment
crete sample collected above water line from
wave-deposited (or reworked) sediments

(2/26/70)

10 Mower Reservoir at mouth of diversion ditch; Bottom Sediment
west end (2/26/70)

(continued)




Station
Nurocer

11

12

13

14

15

16

15

Teble III (continued)

Sampling Stations

Description (Date of Collection)

Tyre

Mower Reservoir, east end at dam (2/25/70)

Woman Creek at Indiana Street (2/26/70)
(a) Small pond east of the road culvert
(b) Channel downstream from pond

Standley Lake near mouth of Woman Creek

(2/26/70)

Standley Lake, east end (2/26/70)

(a) Center of dam near pumping station

(o) Southwest of dam along a 25 foot
edge of shoreline in zone of heavy
wave action

Calkins Lake, north side (2/26/70)
Autrey Reservoir (approximately 4 miles

northeast of tne plant, Boulder County)
(2/25/70)

Water, Bottom
Sediment

Water
Bottom Sediment

Bottom Sedaiment

Water
Bottom Sediment

Water, Bottom
Sedinent

Water, Bottonm
Sediment
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the samples collected in the environs of the Rocky Flats Plant {owever,

tne bul« of the plutonium in each case was probably attributable to
plutoniun-239 This conclusion 1s based on the plutonium monitoring O
airborne particulates and precaipitation by the U. S. Public Heelih Service
During 1969 the data for tne Denver sampling station showed plutoniam-239
concentrations to be several times higner tnan the corresponding plutonium-
238 concentrations Althougn the ability to differentiate between plutonium-
238 and 239 1s of interest irom the standpoint of analyticel precision, it 1s
of acaderic importance in respect to evaluating the environmental impact of
plutoniun-239 emissions from the Rocky Flats Plant Total plutonium 1S ean
adequete parameter for such an evaluation since the effects of plant emis-
sions are based on increeses above baseline values (plutonium atiributable to

atmospheric fallout).

Paysical and radiological data for the water samples collected during
tne February 1970 study are tabulated in Tables IV and V. The presence of
tritium (4-3), strontium-89 and 90, and radium (total alpha) in the samples
1s attributaole to natural sources and/or atmospheric fallout irom nuclear
weapons tests, not waste releases (scheduled or accidental) from the Rochy
Flats Plant Tne average dissolved concentrations of these radiowuclides
were 1340 pCi/1 of tratium, < 0.1 pCi/l of strontium-89, 1 2 pCi/l of

strontiur-90, and < O 1 pCa/1 of total alpha radium.

Assaming the accidental releases of plutonawr from the Rocry Flatis

Plant na'e not caused measurable increases in the levels of dissolved
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Tatle IV

Solids Concentratiors in Water Samnles

Sol.ds Concentratior (=~

4
L

A}
b

/

Station Susperded Dissol re

Walnut Creer.

Soutn 1o:4 at site boundary (No 1) 13 150

addle fork (No 2) L 2.0

Indzana Street (No 4) 12 250
Great Westerm Reservoir (No 6) L 130
Mower Reservoir (No. 11) 17 110
Woman Creex (.o 12) <1l 150
Standley Laxe (No. 1k&) 5 120
Calkins Lake (No. 15) 16 30

Autrey Reservoir (No. 16) 13 220
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and the batch nature of liquid waste discharges. What does appear to be a
significant ditference is tne concentration reported for Great Western
Reser.o1ir wnich would be indicative of measuravle contamination in tne
reservoir as the result of plant wastes. However, the discussion of the
results 1n their report indicates that tnis station vas actuelly located in

or near tne mouth of VWalnut Creek,

239

" The hignest Pu concertrations observed are tnose for
Great Western Reservoir and tne small roadside pond, boia on
Walnut Creek . "

Taus, this perticular sample was apparently not representative of general

water qual:ity in Great Western Feservoir.

Tne redaocactivity data for bottom sediment samples are presented in
Tapble VI. Average concentrations of stronliam-89, strontium-90, and total
alpna radiun i1n all sediment samples were <0 5, 0.1, and L.9 oCi per gran
dry veignt, respectively. For all stations, except tnose on Welnut Creek,
the uranium concentrations ranged from O L to 2.8 ug per gram dry weignt,
evereging 1 0 pg/gram Consadering these values and the result for tne
m=ddle fork sample, no significant accumulation atirivutable to the discharge
01 urarium-bearing liquid wastes vas observed in the Walnut Creex samples.
Ercludaing the station on tne middle fork, the avera~e wioniar concentration
for Welnat Creek sediments was 1 5 pg/gram  The average concer.ration for
plutorium-229 at baseline locations {Autrey Reserrcir, Standle, Lale, and
Cal s Lake) was O 05 pCi per gram 4ry weirght  Tnac tasel.ne concentration
.5 compnarable to the concentrations reportec oy tre Colorado Comwrittee for

1
En..romrentel Irformntion and t~e State of Coloradc {Appe-dis 3) for
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depending on whetner the samples are collected ne~r tne head end of tae
pond, .ne center, or just below the waterline along lhe periphery ol the
pond Tne contamination observed in sediment from the middle fork ol
Walnut Creek and Woman Creek (at Indiana Street) was prooably caused by
wind trensport and/or surface runoff of plutonium-contaminated soil Tue

State of Colorado also observed contamination in Voman Creek - 1 O pCi/gram

for a sample collected on February 18, 1970.

Althougn certainly not conclusive, the sediment samples trom Mower
Reservoir and Great Western Reservoir indicated measurable, albeit slignt,
accumulation of plutonium as the result of accidental airborne releases irom
the plant The discharge of plutonium-bearing liquid wastes was not con-

‘ sidered a causative source since the samples from Great Western Reservoair
were collected at locations wherein tne ultimate deposition of sediment from
Welnut Creek would be most unlikely. Actually, these sediment samples snould
be considered representative only of shallow, snoreline conditions and not
the general bottom conditaon in tne respective reservoirs. Assuming the bot-
tom materials in these snallow areas were similar to nearby topsoils as
regards nlutonium content, the suggested possibility of accumulation gbove
baseline values in the snoreline sediments 1s not completely arplausiole.
Botn reservoirs are witnin sectors cnaracterized by "elcvated" levels o1

plutoniam 1n soil (Append:x B)

The clarifier underflow sample frorm the Broomiield Water Treatment
Plant showed tnat the treatment process produced e fin.sned water of lower

uraniur and plutonium concentrations than tne raw water On a dr; weignt
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@
\ Discussion
Surface contamination of land surfaces in the vicainity of tae Rocky
\ Flats Plant has occurred as the result of uncontrolled releases of pluto-
nium. Tne special so1l sampling program conducted by the State of Colorado
in Februery 1970 showed plutonium concentrations in excess of that atirib-
utable toc global fallout at radiasl distances up to three miles from the
plant boundary The two sectors (refer to Appendix B) immediately adjacent
to the plent snowed the maximmmm topsoil concentrations of rlutonium-z33,
2.5 and 11 pCi per gram dry weignt It was the State's conclusion that tne
primary soarce of contamination was the "incident" involving the leakage of
01l and not the May 11, 1969, fire In contrast, the report of tne Colorado
Committee for Environmentel Information strongly suggested the May 11 fire
' as the primery causative factor. As far as the public health implacations
of tne lard contemination are concerned, the source, whether 1t be tne

incident nvolving the fire or the 01l leakage, 1s not really revelant.

It 1s extremely difficult to attempl to relete plutonium concentra-
tions in unconsolideted topsoil to possible or potential levels of numean
exposure  Deposited in-place, there is no significant nealth riskx External
exposure w11l not occur because oif the very limited range of the eritted
alpna rad.ation. Similarly, transfer through the food chzin (for evample,
so1l to vegetation to wild game or grazing stock) will be of no consequence
since plutonium 1s absorbed by plants growing on contaminated soil to only

T

an infinitesimal degree. However, resuspension and wind transport of

contamineted particulates - apparently a linely condation for tne Rocky Flats

‘rea- may Zead to innalation and resultant radiation dose For discussion oF
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e_Jl.eil ccicentrotion speci..cd .n «EC regulation 127 0, aid Lo linzii,
200 ertmalocn 1 valer for the geieral ruolie, ac xecomne.ded o, 2 at.lor °.
CoLriticee o1 Pod.ation Proteciion and % .e Internot_c-eal Lomnics._on on Rad.c-
lo_lc2l Prosection {T-ole IX) unloriunatel,, Tiic do_rec L0 ..t tlie

<

sje..l1c ~cap sanple resalis are representati ¢ oL 2 croge o8 lorz-te Lo -

ditl.oms cx onl, ve deterrined by, additzonal morztcsin- Tie elil.e T Lo .2
soat1 o1l of Lalnul Creel. 12s Leen continuously carmrled L, ploit re.coc el
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lengtn of Walnut Creex Revresent.ng accumulation and depositicn over an
undetermined period of tire, tne lecruary 1970 sedizent samples cortained
plutoraiur 11 concertraticns as nigl as 3 5 pCl/gram (State of Colorado

data sccwed a maximur of about 20 pCl/gram) Sucn accumulation occurs oy
tJ0 processes, 1) deposition of plutonium associated with suspended mate-
rial in the effluent, and 2) transfer of plutonium from the dissolved
(Lonic) state by cnemical precipitation and/or adsorption. From tne stand-
point of environmental significence as regards human exposure, plutonium
dencsited i1n Walnut Creek 1is of no consequence. However, tnese contaminated
sediments are periodically flushed out of the creek and deposited in Great
Western Reservoir winerein there exists availability for incorporation and
accumulation in the aquatic web. Tne limited available information on the
movement of plutonium in the environment indicates tnat biological accumula-
tion as well as dissolution of plutonium from the sediment will be negligi-
ble. Nonetneless, the previously mentioned study of September 1970 was con-

ducted to ensure that these predictions are indeed valad.

In contrast to the situation in the soutn for. and main stem of
Walnut Creek, tne sources of elevated plutonium corcentrations in samples
from the middle fork of Walnut Creek, Woman Creek, and shallow shoreline

areas of Great Western Reservolir and Mower Reservoir were considered to be

12

1r transnort and surface runoff of plutonium-contaminated soil  As noted
1n tae preceding paragraph, the plutonium deposited in these areas 1is prob-

aoly biologically and chemically inert
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Increased levels of dissolved radioactivity atiributable to rlant
releeses were not observed in any of the laxes and reservoirs samplea
Tais Tinaing 1s generally supported by the long-term monitoring data com-
niled oy plant personnel for several reservoirs in tae plant environs,
including Creat Western Reservoir and Standley Lake However, since tne
plant monitoring program is limited 1o total gross alpha determinations,
detection of small increases i1n plutonium concentrations, such as tnose
observed in Walnut Creek, would not be expected It 1s also interest:ing
1o note tnat the concentrations of dissolved uranium in the grab water
samples from Great Western Reservoir and Standley Lake almost totally
account for the corresponding revorted levels of total gross alpna concer-
trations Tne radiation dose associated with the utilization of Great
Western Peservoir, Standley Lake, and Calkins Lake as sources of public
water supply 1S negligiole  Without teking credat for possible concentra-
tion reductions achieved by water treatment, the dose received by members
of eacn ropulation group served 1s less tnan one one-hurdred-tnousandth

(10-5) of tne dose limt for individuals

Tne epparent effectiveness of the Broomfield water treatment process
for reducing uranium and plutonium concentrations - raw versus finished
sater - 2S5 1ndicated by the radioactivity results for the sample of settiled
cxum sludge On a dry weight pasis, tne plutonium and uranium concentra-
tions 1n tne sludge were comparable to tne plutonium concentrations and
about 40X the uranium concentrations in Welnut Creek sediment Disposal of
the sludge 2s to a small retention pond edjacent to tne water treatment

plant
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In o-der to obtoir a more comprehensive docureriaw.on ol Lue rad. o-
act_/ity diccharped to tue enriromment via the liqu.d radiodaclise was.e
treaorear and disposal syslen and Luc ullinace deserioucion tueleacse:,

the ‘later Quality Oliice has ihe {olloving recorrme~uai_ors,

1. Routinc monitoring of radioect.vily levels an .acer in tic eifluer.
4o Walnut Cree., Walanut Ciee. (at Indiana S.reet cul ert) aru Great
Vlestern Reservo.r should include determinatzo.c ol suspended aird
drssolred radioactisil,, not total radioacl.r.i, 11 the unf.liered
sample
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In addivion Lo gross alphe acliviiy determiic.ioils, Specl..ic analyico
G ’ J

snould be conducted for plutoniun-c 39 and uro. run
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COLORADO 2 T s HEALTH

4210 EAST 11TH AVENUE DENVER, COLORADO 80220 PHONE 388-6111
R L CLEERE MO MPH DIRECTOR

June 9, 1970

Enclosed are copies of the latest surveirllance information on the Rocky Flats
Plant You will note the soi1l sample results clearly indicate the distribution
of the 239u contamination

Before briefly describing the soil analysis results, 1t might be well to first
explain the sampling technique used

The US P.HS obligated themselves to analyze 25 total samples for 239py and

Osr content This was because the plutonium analysis, in particular, 1s ex-
tremely time consuming and they, of course, have other commitments for other
surveillance activities To take full advantage of this limited number of analy-
ses, 1t was decided that a composite sampling program was indicated As you can
see by the map attached to the soil analysis results, the area around the Rocky
Flats Plant was divided into 13 sectors These sectors were located at 1, 3 and
6 mile distances from the plant boundary Twenty-five soil samples were collected
in each sector with 20% or 5 separate samples collected additionally in each secto
and retained for future reference Each location sampled 1s approximated on the
map The number of composite soil samples 1in the designated area totaled 325
Composite sediment samples of significant water bodies totaled 190 The soil sam-
ples collected were of the top 1/8" of undisturbed soil whicn would be indicative
of the most severe health hazard in regard to re-suspension from the soil to the
air.

It 15 i1nteresting to note the similarity of results of the 75 background samples
collected in Limon, Loveland and Penrose areas using the same composite sampling
technique as described above Although we plan to expand the number of backgroun
sampling areas, we anticipate that the present samples accurately describe the
239py "background" levels on the Eastern Slope These levels are due almost entir:
from fallout from past atmospheric nuclear testing

Also worthy of note, are the results of the 90g, analyses and the 239Pu/9081 ratios
for sector soil samples, 'background' soil samples and sediments These results
would indicate that the Pu results alone are the best indicator of the effect
that the Rocky Flats Plant has had on the enviromment
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It 1s our conclusion that no public health hazard now exists from past releases
from the Rocky Flats Plant It would be 1impossible, however, to estimate anv
hazard which existed in the past. The highest concentrations were f{ound adjzcent
to the plant at the eastern boundary This area 1s directly downwird from the
area that the leakage of plutonium-contaminated o1l and subsequent soil contani-
nation occurred sometime during the period of 1955 through 1967 Tne main o1l
sp1ll area was covered with asphalt in September, 1969 and an apron of 3" of base
course material was completed around this area in March, 1970 The plutonium
levels in the soils in this area were high and the material was carried downwind
The elevated 239pu levels in Sectors 1, 2, 6 and 7 are primarily the result of this
"1ncident "

Sector 2, which has the highest concentration of 239Pu, can best be described as a
non-populated area, access to which 1s not controlled In a paper by R L Kathren
(1968), which was an extensive review of work done on plutonium contarination,
“interim acceptable surface contamination levels for environmental PuO," are pro-
posed. Based on dose to pulmonary lymph nodes, the following would be acceptable
levels for occupancy by the general public

Urban areas 10 dpm/cm?
Rural areas 100 dpm/cm?

ICRP Publication 14 (1969) states that the dose limit for plutonium on the basis of
to lymphoid tissue 1s not warranted Adjustment of the above proposed accept-
levels would be upward by a factor of 2 or more Based on the conservative

numerical terms used by Kathren, the level identified in Sector 2 (8 dpm/cm2) 1s

safe (acceptable) by at least a factor of 25 I1f the entire 13-sector area

(0.3 dpm/cmz) 1s used, the factor would range from 70 to 700 depending on whether

the entire area would be considered as urban or rural, respectively Less conser-

vative limits would, of course, provide a greater factor, and several of these were
reviewed

Extrapolation of the data indicates that the total 239py, soil contamination of the
environment around thg Rocky Flats Plant attributable to the plant approximates
0 3 Curie (4 9 grams “39Pu) at the present time, 577% of which 1s located in Sector 2

Because hazard analysis based on soil data utilizes arbitrary re-suspension and 'air
concentration half-life" factors, the only proper method to thoroughly evaluate the
situation 1s by air surveillance

The Department's plans are to continue, and 1in some cases 1increase, air surveillance
activities downwind from both the contaminated area and the plant in general, and to
work with Rocky Flats personnel in an effort to more fully identify and control any
potential contaminant releases from the plant  Samples from Sector 2 will be col-
lected and analyzed to determine the long-term characteristics of 23%y 1n soils,




39

June 9, 1970
Page 3

and of course as previously mentioned, an expanded effort will be made to es-
tablish an existing 239Pu "background" for Colorado With the provision of
additional funds, a higher percentage of samples (air, water and soils) will
be analyzed for 239Pu, thereby giving the Department an independent capability
for hazard analysis, and definition of plant releases

If you have any questions regarding this matter, please let us know

Sincerely,

fit/ﬁmz

P W. Jacoe, Director
Division of Air, Occupational,
and Radiation Hygiene

PWJ/md
Enclosures
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SOILS

Backgrounds

Sample Date
2/18/70
2/18/70
2/18/70

Samples
2/18/70

2/19/70
2/18/70
2/18/70
2/18/70
2/18/70
2/19/70
2/18/70
2/18/70
2/17/70
2/18/70
2/17/70
2/19/70

SED IMENTS
2/18/70
2/18/70
2/18/70
2/18/70
2/18/70
2/18/70
2/18/70
2/18/70
2/25/70
2/25/70

2/25/70

Notes

b1

USPHS -  SWRHL Analysis
So1l & Sediment Sampling Results

Location

Limon, Colorado
Loveland, Colorado
Penrose, Colorado

Area
Area
Area
Area
Area
Area
Area
Area
Area
Area 10
Area 11
Area 12
Area 13

oo ~NOWL LN

Upper South Walnut Creek

Walnut Creek

Pond Walnut Creek and Indiana

Great Western Reservoir

Woman Creek

Mower Reservoir

Standley Lake

Pond West of Indiana and 96th

Ralston Reservoir inlet

Ralston Reservoir high water
mark at inlet

Ralston Reservoir 100 yds.
from 1inlet

dpm/g dry soil

239Pu 90Sr
0.13 29
011 1.8
0.11 16
5.55 2 4
24,4 2 4
0.29 3.3
0 31 36
0.24 15.8
1.00 16
1 02 13
0 04 11
0.02 < 0,4
0.38 < 0.4
0.07 0.9
< 0,02 0.9
0.04 11
46 6 <04
109.0 < 0.4
28.9 <0.4
0.53 0.4
2,18 0.4
0.89 <04
0,07 < 0.4
0.53 lost
0 40 0.4
0.02 < 0.4
0.16 <0,4

Rat1io
Pu/Sr

0.045
0.061
0.069

QO OO OO QOOON

The so1l was analyzed for strontium by acid leach and 10on exchange and
plutonium by total dissolution, ion exchange and electroplating

The values that appear high were rechecked and the values confirmed

All Strontium 89 concentrations were found to be less than 1 1 dpm/gm

of dry sotl

AJH vam 5/25/70

O oW
—

o O
= Co
W Oy

625
785
036
050
950
078
022
.036

-

for




Total 239Pu Activity Dy Sector

L2

239p, 239,

dpm/g )

ector dry sorl dpm/cm
1 5 55 178
2 24 4 7 81
3 0.29 0.09
4 0.31 0.10
5 0.24 0 08
6 1 00 0.32
7 1 02 0.33
8 0.04 0.01
‘ll' 0.02 0.01
10 0.38 0.12
11 0.07 0 02
12 < 0.02 <0 01
13 0 04 0 01
Totals - 0.27
Bkg 0.12 0 04

3
]
N

N
=

16 1

13.0

13 0

13 0

13.0

114 2

Area

5 4 x 1010
57 x 1010
5.4 x 1010
5.4 x 1010
2 4 x 1011
2 4 x 1011
2.4 x 1011
2.4 x 1011
4.2 x 101l
3 4 x 1011
3 4 x 1011
3 4 x 1011

34 x 1011

296 x 100

Net (Dow soil contamination contribution)

0 30 c1 239

Pu x 16 2 gms

239

Pu/Ca 239Pu =

dpm x 1010

9 59
44 5
0.501
0 536
1 84
7 68
7.83
0 307
0.269
4.13
0 762
0 218

0 435

78 6

11.4

239

4 9 gms Pu

Ci

0 0432

0 2005

0 0023

0 0024

0 0083

0 0346

0 0353

0.0014

0.0012

0 0186

0 0034

0 0010

0 0020

0 354

0 051

0 30




Analytical Methods

Tne analytical procedures used in tnis study 2re taken 1rom tre
puclisned laterature with adaptation or modifications made in tae pre-
treatment of tne sample to fit the published analytical procedure Tne
lirmit of detection 1s that limit whaich is defined ir tne iational Bureau

of Standards Handbook 86, page 26

Analyses for water were done on the dissolved portion only, taat
1s, tae portion which passes itnrougn a O.45 p porosity millipore filter
Soxls and sediment samples were dried at 105° - 110°C, ground and sieved

to 100 mesn.

Gross Alpna Analyses

One hundred milligrams of dissolved solids or sediment were trans-
ferred to a stainless steel planchet, distributed evenly, fixed by a d:ilute
lucite solution, and alpha counted in an internal proportional counter.

The background count rate was nominally O 1 cpm and the delection efficiency,
based on a radium-226 standard, was nominally 30¢% The limit of detection
for water samples varied with dissolved solids concentration, ranging from

1 - 4 pCi/1,and for sediment and soil samples, 1 4 pC1/¢g.

Total Alpne Radium

Tne procedure used was that of Goldin,8 witn modifications made for

tne pretreatment of sediment and soil samples. This modification consisted

L3
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07 .us.or o0 the sarple wsin_ L ¢ Jlu. wescribed o o . le oo,
o: detect.on, based on a rad-un-<0¢ calosricion st dolg, 15 O 1 p./g

and O 1 73:/1, respectivel,, Tor ccdiment ~nd water samplec

Uran.an
Tne procedure ased for ~ter, on2l s.s wa&s esse.T.ell  taat ot
10
T4 ards ~ Soi1ls and sedimerts rere acid leached =znd tie urariun e iractec

110 et1,1 acetate from an acid.fied magnesiun n.tzote soluab.oyr  Jrar.um ¢
- ol hl ll 4 1
determinec fluororetricall, c.~g a standard addit .o techin.igue rauier

thon oy alpha spectroscop;  Limzts of detection {12 Full scale, using O o)

Ho cterdard) are O 3 pg/l ard 0 3 ug/e for waler and sedire - t, respextivel

trontiun-90

1c 1
T~¢ procedure used vas tare1 from {rieger e. al erd Velie- 77 ZPre-

trectnent of sediment and soil samphles consisted o7 ac1d leazalns A.ta

€. 21, uws.ng a Soghlet extractor Limits of detectior are C L »lz/2 . &
ol -~ - /<

03 ﬂ-/l Tor sediment and water, respectivel,

Plutoniu~
Pretzectmwent of sediment and soil samples co cisted o. acid leaciin,
't
vt oll .21, using & So<idel extiector, and uli.mite counsersion to tae

n.tries oy repetitrire evapor:bicy 1la milri. ac.d  VWaler samples are

e.aporaled to dryness ard trcated ' ith nitric ac:d Plutowum 15 okidized

15
and esilracted irom hﬁ ztr.c acid 1into 0 1 m tri-n-ocuylpaosphine o<ide ?

Plutonaun 1s reduced and bacn e.ilracted and couanted ir an intermal propor-
tioval counter Lumits of detection are 0 02 pCify, cnd O Oc 1Ci/l .or sedi-

me1l aid rater, respectisel;
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Traitiun

2
This procedure 1s taken from Krieger et al,l with the exception
that tne volume retio of scaintillator to sample 1s increased to 5:1

Limit of detection 1s 400 pCi/l.
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FOREWORD

This report presents the findings of tne September 1970 environmental
radiation study conducted in the environs of the Rocky Flats Plutonium Plant
(near Golden, Colorado). The field study and subsequent laboratory analyses
were conducted by the staff of the Radiological Activities Section, Division
of Technical Support, Water Quality Office, Environmental Protection Agency,
Cincinnati, Ohio (an organizational unit of the Federal Water Quality Adminis-
tration at the time of the study, reorganized into EPA 1in December 1971).

Due to personnel transfers and changes in program responsibilities, a report
on the study was not completed by the Radiologicat Activities Section prior

to 1ts dissolution from the EPA organizational structure during the first half
of 1973. Since the primary investigators are now members of the Technical
Investigations Branch, Surveillance and Analysis Division, and the environ-
mental impact of the Rocky Flats Plant i1s a Region VIII concern, publication
1s undertaken as a regional responsibility.
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INTRODUCTICN

R

sma
[ P

During the week of February 20, 1970, representatives of the Federal
Water Quality Administration visited the Rocky Flats Plant of the Atomic Energy
- Commission (located approximately 21 miles northwest of Denver, Colorado, -~
' between Golden and Boulder) The purpose of the visit was to obtain informa-
* tion on Tiquid radioactive waste management practices at the facility and the
environmental surveillance activities in the plant environs Coincidently
with the site visit, l1imited water and bottom sediment sampling was conducted
’ to obtain 1ndependent data on plutonium levels 1n surface waters receiving
drainage (11quid wastes and land runoff) from the site and in other nearby
lakes. The findings of the investigation were reported previously in 1971 (1)

As a follow-up to the February 1970 investigation, an 1intensive field

7 study was conducted during the period of September 21-25, 1970. The basic
objectives were to determine plutonium levels in the resident biota of Great

Western Reservoir and Standley Lake and the overall distribution of plutonium

1n the bottom sediment of Great Western Reservoir. At least to the date of

the study, off-site syrveillance by the plant contractor, Dow Chemical Company,

was limited to water and so1l sampling, plutonium in aquatic biota was a

Jmonitoring void  Stations on Walnut Creek and Woman Creek, including Mower

o T e I L L B

B Reservoir, were revisited to obtain additional data on plutonium i1n bottom
) sediment and document changes which had occurred 1n the intervening seven month
period ,

-
« J

By virtue of the fact that this report presents the findings of the
September 1970 study, 1t constitutes a supplement to the previous April 1971
report

1
L ] e
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SAMPLING PRCCEDURES

Sampling stations for water, benthic organisms (benthos), and bottom
sediment are listed 1n TABLE I and shown in FIGURES I-III  Witn the exception
of sediment and benthos collection stations on Great Western Reservoir and
Standley Lake, the sampling locations were 1dentical to those establiished during
the February 1970 study As noted 1n the preceding section, all samples were
collected during the period of September 21-25

Water sampling was limited to three stations (TABLE I) with a daily grab
sample (approx 4 liters) collected at each station throughout the study pertod
It was assumed that samples collected from the shallow water at the dam faces
were representative of the raw water pumped to the treatment plants serving the
cities of Broomfield (Great Western Reservoir) and Westminster (Standley Lake)
Uranium and plutonium analyses were conducted on composite (3 or 5 days) or the
separate grab samples

Bottom sediment samples were collected from Great Western Reservoir and
Standley Lake (FIGURES II and III) with dredqes, Petersen or Eckman, and a core
sampler. At all other stations (creeks or impoundments), sediment samp]es were
collected by scraping the bottom area below the water Tine with a hand trowel
The use of the hand trowel probably produced samples more representative of a
thinner surface layer than those obtained with a dredge, particularly the
Petersen dredge _Similar to the collection of sediment samples, benthos samples
were collected with dredges These samples were sieved in the field using a
U S Standard No 30 sieve All material retained on the sieve was preserved
1n a 5% formalim solution for subsequent sorting and identification of the in-
vertebrates and plutonium analysis

- Fish samples were collected with electro-fishing equipment from the
shallow water areas near the dam and inlet of both Great Western Reservoir and
Standley Lake. The fish were placed on 1ce immediately after collection and
maintained 1n a frozen state unti1l processed for plutonium analysis A list
of the species collected from each area 1s presented in TABLE II

So11 samples were collected at two of the three stations previously
sampled 1n February.

(1) Grazed area just to the southeast of the road culvert conveying
Woman Creek under Indiana Street

(2) Ungrazed area near the southeast corner of Great Western Reservoir

These samples were collected with a hand trowel to a depth of 1/8-1/4 1nches
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‘ TABLE I
‘__ 1 SAMPLING STATIONS
) T Sample Type Station Number Description
‘ [: Water WC-1 Walnut Creek at Indiana Street

- Great Western Reservolr at dam face
Standley Lake at dam face

|

]
—

Autrey Reservoir, approximately 4 miles
northeast of plant, Boulder County
Calkins Lake, north shore

Woman Creek at Indiana Street

Mower Reservoir at mouth of diversion
ditch, west end

Mower Reservoir, east end at dam face
Walnut Creek at mouth, inlet of Great
Western Reservoir

Walnut Creek at Indiana Street

Main stem of Walnut Creek, 50 feet down-

p stream of confluence of south fork

[ with middle and north forks

-z WC-3 Middle fork of Walnut Creek, 50 feet

:‘] upstream of confluence with north fork

Bottom Sediment

\
o
1]

'
et pd b

(3 |
n

L:)ﬁ =X I.ZZID I
N

= =

WC-4 South fork of Walnut Creek at site bound
ary
1-20 & 1C-12C Great Western Reservoir
-21, 22, 13C, & 14C Standley Lake

Benthos 1, 3-12. & 14417 Great Western Reservoir
- 21 & 22 Standley Lake
[- Fish - Great Western Reservoir, inlet and near |
- dam face

- Standley Lake, 1nlet and near dam face




TABLE I1
.l
‘ L ELECTRO-FISHING - SPECIES OF FISH

Location - . Species

[ j] Great Western Reservoir

(A) Near 1nlet

(B) Near dam

Standley Lake
(A) Near 1inlet

(B) Near dam

Carp
Horthern Common Shiner
Western White Sucker

Carp

Green Sunfish

Johnny Darter

Morthern Common Shiner
Western White Sucker

Carp

Green Sunfish

Large mouth Bass

Northern Common Shiner

Western White Sucker
-Yellow Perch——

Black Bullhead
Carp il
Green Sunfish
Large mouth Bass
- Yellow Perch —




RESULTS

Analytical results for water, bottom sediment, benthos, and fish samples
are presented in TABLES III-VII With the exception of water samples which
were analyzed for both dissolved plutonium and uranium, radiological analysis
was limiteg to the measurement of plutonium AnaZ{t1ca1 procedures were the
same as those described 1n the April 1971 report (1)

Water

Plutonium and uranium 1n the water samples from Walnut Creek, Great Western
Reservoir, and Standley Lake were essentially at baseline levels (TABLE III)
and relatively unchanged from February 1970 levels Dissclved uranium concen-
trations were less than 2.5 ug/l1, typical of natural background i1n surface
waters Dissolved plutonium concentrations were less than 0 03 pCi/1 which
was considered 1n 1970 to be a baseline condition attributable to atmospheric
fallout In comparison with the February 1970 results, the only difference
was the absence of an elevated uranium concentration in Walnut Creek (at Indiana
Street) originating from plant waste discharges However, this finding 1s not
of great consequence since the elevated concentration observed 1n February was
not large and could be questioned as a normal variation 1n background

As a matter of general 1interest, surface runoff from rainfall was the
reason for the high suspended solids concentration i1n Walnut Creek on the last
day of sampling, September 25

Bottom Sediment and So1l

In terms of a general comparison among stations sampled during both the
February and September studies, plutonium levels i1n sediment collected in
September (TABLE IY) were equal to or less than the corresponding February
results Considering the two mpoundments assumed to be free of any wmpact
from emissions from the Rocky Flats Plant - Calkins Lake and Autrey Reservoir,
plutonium concentrations in sediment were 0 04 and O 07 pCi/gram, respectively
These data were 1dentical with the February results, reaffirming the conclusion
that tre baseline concentration in the bottom deposits of area surface waters
was < 0 10 pCi/gram. From the standpoint of absolute values, sediment from
ggﬂgr_ﬂgigﬁxnlr exhibited an apparent two-fold increase in plutonium between

ebruary and September  However, 1t seems likely that this was a pseudo-increzs
attributable to normal concentration variations and the relative imprecision of
the so1l sampling procedure, particularly 1n an area of lcv contzmination

Sharp reductions 1n the plutonium content of Walnut Creek sediment were
observed 1n September This 1s 1llustrated by the following comparative tabu-
lation of data from the two studies conducted during 1970
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- TABLE 1V
‘ .1-] - PLUTONIUM 1. BOTTOM SEDIMENT SAMPLES
[ K _ S.ation  Water Depth  Plutonium Cc( Sent
] — Station - Number (meters) (pC1/gram)\d
[ ] _' Autnrey E;eservowr_ __ - A-1 - B 0 07
] Calkins Lake CA-1 - 0.04
[ ] Walnut Creek
} South fork at site boundary WC-4 - 0.14
~ Middie fork WC-3 - 016
[ _] Main stem, below confluence WC-2 - 029
R _ with middle fork
. - Ind1ana Street WC-1 - 0 60
[ ] At mouth WC - 0.26
Great Western Reservoir 1 0.61 0 34
[’ ] 2 0.92 0 86
: 3 - 0 49
4 0 92 0 57
5 - 0 58
[ ] 6 - 0 34
7 - - 0.61
- 8 3 05 0 52
q ] 9 1 52 0 30
10 1 98 0 25
11 6 71 0 57
] 12 4 88 0 08
[ ] N _ 13 183 _ . 0.16
- ___ 14 - 0.15
15 1 83 014
[ l 16 4.57 0 10
17 15.0 0 08
L 18 16.5 0 31
[ ] . 19 7.32 0 18
J( - 20 1.68 012
[" ] Woman Creek at Indiana Street W-1 - 0.20
N Mower Reservoir
- - West end M-1 - 018
[ East end M-2 - 0 18
,
- 4 " Standley Lake 21 3.05 0.05
l 1-- 22 19.2 0.21
.l B (a) Dry weight basis




TABLE V

PLUTONIUM IN BOTTOM SEDIMENT CCORE SAMPLES

Station Water Depth
Station Number -  (meters)

Great Western Reservoir 1C 076
¢ 076

3C 2 14

4C 137

sC 214

6C 305

7C 7.77

8c 6 40
9C 11.9

10C 110
11C 15 2

12C 5 49

Standley Lake 13C 3 05
14C 19 2

{a)

(o)

Sectien Anfl{zed
_Gireealel
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25
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-0
y 1 (U
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DN e

0 [
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11 25-12 25
12 25-14 75
14 75-15 75

Plutonium
Content

$9C1/gram[(b)
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- 00

The Yimits of the range are measurements in inches from the top surface of
Ho correction for compaction d.ring sample collection (refer

the core sample
to Appendix B)

Ory weight basis
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TABLE 4.

PLUTONTUM IM FSH

Total
Number Leng n
Station - Soec of Fish {c)
Great western Reservoir
{A) Near inlet Carp 15 45-85
3 283-364
Morthern Common 183 30-81
Shiner
Western White 15 70-132
Sucker 8 140-272
L]
(B) Near dam Carp 2 n
2 2954378
Green Sunfish 32 31-48
56 49.76
20 90-125
»
10 129:151
L]
Northern Common 50 30-75
Shiner
western Rhite 8 130-18v
Sucker .
Standley Lake
(8) Near inlet Carp 2 3294390
Green Sunfish 7 40-48
_ Largemouth Bass 7 61-90
Northern Common 9 §5-74
Shiner
Western White 1 83
Sucker
Yellow Perch 25 46-70
4 106-130
6 171:231
(B) Near dam Black Bullhead 1 165
Carp 4 335-363
Green Sunfish 4 69-1C6
7 125-147
L]
3 155-177
Largemouth Bass 3 43-59
Yellow Perch 1 106
5 160-192
(a) Live merght basis -12 -

Organ

Whole
Flesh
Liver
Bone
Roe

Whole

Whole
Flesh
Bone

whole
Flesh
Liver
Bone

Whole
Whole
Flesh
Liver
Bone

Flesh
Liver
Bone

Whole

Fiesn
Bone

Flesh
Liver
Bone

Whole
Whole
Whole

Whole

Whole
Whole
Flesh
Liver
Bone

Nhole

Flesh
Liver
8cne
Roe

Whole
Flesh
Liver
Bone

Flesh
Liver
Bone

Whole

Whole
Flesh
Liver
Bone

-ale Plutonfur
ght Cercenrtraty
A:fams)(a) (pC1/ktiogram)‘a)
s2 0 «0
420 <01
100 <20
350 <d 2
240 09
171 95
99 30
259 <06
190 94
12 6 <] 0
318 <0 4
50 «32
27 s <« 6
27 0 <30
198 10
146 <10
60 30
120 <14
163 <09
80 <20
190 <82
79 6 37
115 <l 3
100 <16
249 <07
45 <37
29 0 <5 8
13¢ <13
45 Q <11
27 0 <6 2
158 «11
S0 C <1 4
720 <17
335 <l 1
25 <73
200 <8 4
125 <l 2
589 <03
17 0 <§ 9
56 0 19
320 14
45 0 <3 4
95 0 18
40 <18
90 <19
89 ¢ <0 8
40 <36
130 32

+ Sample Lost =«

<10
<15

<160

<17




TABLE VII
PLUTONTL™ [N BE{THIC INVTITEBSATES

~
= ( Sarple Plu.onium
- Ory =egnt Concentration
Station Inver® brate (naj (pCt/grami(a}
Walnut Creek at Indiana Blackri «»> 2247 007
Street Caddisflres 3511 0 08
- Mayflies 225 4 <0 &
Midges 926 <0 9
_ Other 8313 <10
r ] - Crayfish 12 4 None Detected
- Great Western Reservoir
sta 1 _ Predominately Midges 64 85
" 208 <50 o
r ] . 395 <20
- Sta 4 Midges and Sludgeworms 29 <28
111 <« 0
™ Sta 7 Midges and Sludgeworms 47 <17
197 <50
Sta 8 Midges and Sludgeworms 47 <17
r© Sta 9 Midges and Sludgeworms 29 <27
kN <23
L,
sta 10 Midges and Sludgeworms 09 <85
- 18 <43
T Sta 11 Midges and Sludgeworms 59 28
S 30 <30
- Sta 12 Predominately Sludgeworms 10 3 <8 0
=7 121 «73
- sta 13 . Predominarely Midges 30 2
- 86 <90
1 B Sta 15 Damselflies, Scuds, Midges 61 <13
9 and Sludgeworms 13 <7 0
T T sta 16 Predominately Sludgeworms 10 3 <70
12 9 <60
[ ] sta 17 Midges and Sludgeworms 35 <20
e Sta 18 - Midges and Siudgeworms - 20 <35
36 <20
[ Sta 19 Predominately Sludgeworms 198 <40
Midgas 2l 5 40
Sta 20 Mayflies, Caddisflies Scuds, 34 <20
a Midges, and Studgeworms 183 S0
[ ] Standley Laxe
% sta 21 Midges and Sludgeworms 26 <31
. 228 6
Sta 22 Predoninatel, Sludgeworms 9 <990
. 18 7 <50

[ ] (a) Ory wetight basis




[]

Walrut Creek Station Plutonium Concentratior
(pC1/grar)

February Septe~cer

South fork at site boundary 3 51 0 1«
Middle fork 0 50 0 186
Main stem, below confluence with 341 0 29
middle fork

Ind1ana Street 0 92 0 60
At mouth, i1nlet to Great Western 175 0 26
Reservolr

These data 1ndicated scouring of contaminated sediment from the creek bed
and/or coverage of contaminated zones by less contaminated so11 washed into
the creek without reaccumulation to previously observed maximal levels by mass
transport from the aqueous phase. Assuming that the routine discharge of
plutonium-bearing liguid wastes 1s the major source of sediment contamination.
the reduced September concentrations were apparently the result of high flow
shortly before the collection of samples Unfortunately, flow data required
for a truly meaningful 1interpretation of the limited sediment data are not
exi1stent In the case of Woman Creek, no significant difference was observed
between the February and September results - 0 23 and 0 20 pCi1/gram, respec-
tively

The results for "dredge" samples and the top one-'nch sections of core
samples showed that nearly the entire bed of Great Western Reservoir containe
plutonium at concentrations 1n excess of the baseline value, < 0 10 pCi/gram
Plotted 1n FIGURES IV and V¥, only the extrapolated shaded areas represent
bottom aeposits containing 0 10 pCi/gram or less of plutonium  The area or
sector of greatest contamination appeared to be the central section of the
reservolr (inlet to dam) with maximum concentrations near the inlet In the
Jnlet area, the maximum concentration in the top one-inch section was 0 86
pC1/gram (Station 2) with an average concentration of 0 50 pCi/gram for
Stations 1-8 and 1C-3C Sediment samples from the northern arm (Stations 13,
14, and 15) showed plutonium concentrations only about 50% higher than the
baseline value - average concentration of 0 15 pCi/gram for the three statior

Bank sloughing was observed in this arm |

Core samples from Great Western Reservoir showed that the thickness of
deposited plutonium-contaminated sediment was 2 inches or more at all loca-
tions (TABLE V) Near the face of the dam 1n the deep-water area, plutonium
contamination on the order of four times the baseline level was found at a
sedinent thickness of 7 tc 8 inches (Station 11C) At Station 10C, adjacent
to Station 11€C 1n the deep-water area, baseline concentrations were gbtained
from the core sample However, these findings are consistent when the dif-
ferences 1n bottom conditions are taken 1nto accocunt Unlike Station 11C
where the layer of "black" sediment was 8" thick (compacted in the core tube’
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| _j only the top one ncn section of the core collectea at Station 10C vas of

- sirilar composition  Celow one inch, clay was fourd at Station 1CC  The
finding that plutonium contamination_1s not restricted to the surface-layer

{: i of bottom sediment suggests a contamina on source of some duration, pre-

Sumably, the continuously occurring discnarge of 1i1quid wastes from the Rocky
‘ Flats Plant

[; :] Dredge and core samples from the west end of Standley Lake rear the
routh of Womar Creek (Stations 13C and 21) shcwed taseline concentrat.ons of
plutonium (TABLES IV and V, FIGURES IV and V) In contrast, samples collectec
[; ] at Staticns 14C and 22 - east end of tne lake Just offshore of tne dam 1n the
deep-water area, contained plutonium 1n concentrations on the order of two to
three times baseline  Furthermore, the results for the several sections of
[— .] the core sample showed that plutonium contamination was not 1imited to the
surface, but extended to a thickness of approximately 12 inches (compacted
~ n the core tube)  Since plutonium-bearing Jiguid wastes are not and have
rﬁﬁf not been discharged to Woman Creek, the origin of plutonium-contaminated
{ ljh O,FQ sediment 1n Standley Lake would have to be contaminated so1l transported and
9w:gn,ﬁ5 deposited in the lake by runoff  Although this 1s a plausible source for the
ﬂJﬁj contamination of the surface layer of sediment, 1t 1s not a good explanation
[ 1 for the finding of plutonium contamination to a thickness of several inches N
~ To verify the existence of significant zones of plutonium-contaminated sedi- /
[ L ment 1n the lake, or disprove as the case might be, additional monitoring of

*

a scope similar to that used for Great Western Reservoir will be reauired
. Lnt1] this effort 1s undertaken, the results for Stations 14C and 22 will te
subject to question on the basis of possible sample contamination

‘ ‘[ j Swriiar to tne findings for bottom sediment samgles from area surface
waters, the two soi1l samples showed substantially lower plutonium concentra-

- tions in comparison to those collected from the same general locations In
[_ February
) ) Plutonium Concentration

[’ ] (pCy/qram)

- Location February September
Grazed area to the south- 2 42 0 64

[ ] east of the roead culvert
conveying Woman Creek under

~ - Indiana Street

[- S Ungrazed area near the south- 0 42 014
east corner of Great lestern

[: Reservoir

Fish and Benthos

t_ ) Information presented 1n the literature review of Olafson and Larson(2)

7 - 17 -
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on the biology and environmental persistance of plutonium leads one.to the
conclusion * -t plutonium entering the halnut Creek - Grez: Western Reservo.:

System s the res * of lTiquid waste reTeases ultimately a ~umulates in the

reservolr sediment vith very 1ittle transfer to and cycling 1n aguatic biota
Among the conclusions reached by Olafson and Larson, the following are perti-
nent to the Rocky Flats "situation "

(1) Plutonium s absorbed by plants growing on contaminated so1l to an
infinitesimal degree, although 1t may be found as an external con-
taminant on vegetation -

(2) Ingested plutonium 1s absorbed and retained 1n animal tissues to
only a very small degree

(3) Based on animal tissue assays, very little plutonium gains entry
1nto mammalian systems

In animals, 1ngested plutonium concentrates 1 bone and liver tissue  There
1s also concentration in reproductive tissue

The results for benthos and fish (TABLES VI and VII) generally showed
that there was no significant accumulation of plutonium i1n the biota of
Great Western Reservoir and Standley Lake As evidenced by the preponderance
of "less than'" results, small sample size, particularly i1n the case of benthos
samples, prevented the conduct of analyses with the high degree of analytica?
sensitivity required for definitively determining absolute concentrations
Excluding the five positive results, the "best" detection lwmit for benthos
samples was about 40 pC1 per kilogram (live weight)(@) whereas the desired
sensitivity was within the range of 01 to 1 0 pCi/kg Furthermore, con-
sidering sample size, only the positive results for blackflies and caddis-
flies from Walnut Creek at Indiana Street should be given credence as valid,
absolute concentrations

Although the analysis of fish samples also produced few absolute concen-
trations, larger sample sizes - gram amounts instead of milligrams - enablec
the conduct of analyses with precision consistent with the range of expected
low concantrations (refer to TABLE VIII - plutenium 1n foodstuffs reported
1n 1955 by the U S Atomic Energy Commission) Considering edible tissue
(flesh), the plutonium concentrations i1n all species from both impoundments
were less than 2 pCi per kilogram (1ive weight). Hence, human consumption of
these fish would be i1nsignificant from the standpoint of resultant radiation
dose because the daily intake 1mmt for the gener?§ public, as reccommended
by the National Committee on Radiation Protection ), 1s approximately 370C
pCr of plutcnium  One finding of interest was the apparent accumulation of
plutonium 1n carp roe Although beyond the scope of this report, this finding
raises tne question of a possible genetic effect on fish

(a) Calculated on the basis of an assumed moisture content of 90%

- 18 -




TABLE virr(a)

-1 ‘lll’ b
woni eent ewsd fmcal o [

PLUTONIUM COL.ENTRATIONS IN ' "TOUS FOOD ITEHS AND PLAITS

Plutonium-232 Concentration

[ Item (pCi1/k1loaram)
Rain 0.18
[ Alfalfa ash 430 to 800
) M1k 0 16
I ] Wheat ash 130 to 670
- Swordfish 03 tol10
[ ] Pork liver 056 to27
[ '] Beef meat 0 19 (meat of chuck steak)

186 (fluad)

(a) TABLE 4 n Reference 2 (data from U S Atomic Energy Commission,
Quarterly Statement on Fallout in "Fallout from Nuclear Weapons
. Tests. Hearings before the Special Subcommittee on Radiaticn,
B ] Joint Committee on Atomic Energy, Congress of the U.S , May 5-8,
1956," pp 2188-2198, U S Government Printing Office, Washington,
‘ D C, {1959}).




Aside from radiologic.l considerations, benthos and plankton sampling
sho' -3 the presence of pollution tolerant organisms 1n both Great Western
Reservoir and Standley Lake, indicative of enriched .. eutrophic conditions
In the case of Great Western Reservoir, the contributing polluton sources
are domestic-type wastes from the Rocky Flats Plant and agricultural runoff
whereas only the latter 1s the source to Standley Lake The pollution biology
aspects of the field study are presented in detail in Appendix A




The
findings

(1)

(2)

(3)

SUMMARY

September 1970 field stuwy produced the following significant

Almost the entire bed of Great Western Reservoir was covered
with sediment containing plutonium in excess of the estimated
baseline concentration, < 0.10 pCi/gram  The thickness of the
layer of plutonium-contaminated sediment was 2 inches or more
at all such sampling stations The maximum concentration of

approximately 1 0 pCi/gram was obtained at the inlet area of
the impoundment

Limited sediment sampling 1n the deep-water area of Standley
1ake 1ndicated possible sectors of plutonium contaminetion
attributable to past emissions from the Rocky Flats Plant

Fish and benthos from Great Western Reservoir and Standley Lake
did not show significant accumulation of plutonium In all
species of fish, the concentration i1n flesh was <2 pCi/kilogram-
1ive weight At this low concentration, human consumption at an
abnormally high intake rate of one kilogram per day would be
1nconsequential 1n terms of radiation dose

In that this study was the ini1tial comprehensive effort at determining
plutonium concentrations in the hiota and sediment of Great Western Reservoir

@_d Stand]gy Lake, additional mnn‘lfnr’rngw be necessary to determine the

representativeness of the specific results as maximum, steady-state values

or "points" on curves showing increasing or decreasing trends

- 21 -




(1)

(2)

(3)
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APPENDIY A

BIOLOGICAL STUDY OF GREAT WESTERN RESERVOIR -

A biological study was conducted on Great Western Reservoir during the
week of September 21 to 24, 1970 Objectives of the study were to determine
a) effects on the reservoir of domestic sewage discharged to Walnut Creek, a
tributary to the reservoir, from the Rocky Flats Plutonium Plant, and b) the

existing levels of plutonium 1n the sediments, benthic 1nvertebrates, and fish
in the reservoir

In a lake the clean water benthic community 1s usually composed of many
kinds of organisms, each kind being few 1n number When domestic sewage 1s
discharged to a lake, the number of kinds of benthic organisms are reduced and
the remaining organisms are able to increase in number A lake receiving
domestic sewage or runcff from surrounding agricultural areas may have an oxygern
consuming layer of decomposing organic material  Such a layer 1s caused by
e1ther an inflow of suspended organic matter which settles to the bottom or by
the contribution of large amounts of nutrients which cause an increase 1in the

plankton population during the spring and a resultant die-off and settling of
the plankton each fall

The water layer above a bottom of decomposing organic material 1s usually

low 1n dissolved oxygen and the bottom material supports only small numbers of
pollution tolerant organisms

Methods

Samples of the benthic invertebrate populations were obtained from Walnut
Creek and the reservoir with either a Petersen dredge or Eckman dredge Samplin
stations are depicted 1n FIGURE II  Benthic invertebrates were collected from
all stations except Stations 2, 3, 5, 6, and 14 Dredge samples were sieved
through a U S Standard No 30 sieve and material retained on the sieve was

preserved 1n five per cent formalin  All samples were picked and invertebrates
1dentified 1n Cincinnati, Ohio

Short five-minute tows were made with a plankton net near the inlet and
middle of Great Western Reservoir and near the middle of Standley Lake The

concentrated plankton samples were examined to determine the qualitative com-
position of the algal populations 1n each water body

Results

The bottom sediments 1n Great Western Reservoir did not support large
numbers of organisms (TABLE A-1 and FIGURE A-I) Only 1in an area extending
from the inlet of Walnut Creek and the offshore areas near the dam were the
numbers of organisms large enough to merit mention (FIGURE A-T)




TABLE A-|

TOTAL SUMBER AND KINOS OF BQTTOM QRGANISMS COLLECTED P04 GRE-T L£5777 ' RESERVOTR AND STANDLEY LARD

Walnut Creek

Great Wes.e~n Resersoir S andley ¢ =
1 3 4 5 6 7 8 9 10 11 12 14 15 1§ 17 JJ I
Mayflies
Bae*is sp 272 Q
aenls sp S Q ~
Caddisflies
Chesratopsvche sp 1924 Q Q -
eolricnia sp 12 R
Damseiflies
Odonata Q Q
Scuds - - -
Hyalella sp 22 Q qQ
Midges
. Glyptotendipes sp q Q Q 7
Tricctopus sp 411 Q Q
Spaniotora sp 10
tglrononus sp 2 65 710 721 3 Q 4 Q 384 3 24 26 k)
rocidgius Sp 1
Trystochironorus $p 11 2 5 Q
TanvtarsJs sp 8 2 3
Brting Midges
Stilobezzia sp 10 Q
Phantom Midge
Chacborus sp 1 3 ¢ Q
Mosquite
Culicinae q
Blackflies
Stmyliidae 1671
o  Snails
Physa sp 3
Sludgeworns 15 24 3142474 § 2 Q 72 46 19 2 10 S 19 16 i
Crayfish 2
TOTAL NUMSER 4359 891024316628 5 4 76 50 27 36 13 29 S2 16 ¢
TOTAL KINOS 13 6 2 2331022 &4 2 8 3 3 2 13 2 2

Q = Organisnms not collected quantitatively, arbitrarily given value of 1 for computing number of kinds
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GREAT WESTERN RESERVOR

FIGURE A-I

DISTRIBUTION OF BOTTOM ORGANISMS PER SQUARE FOOT
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The inlet (Station 1) supported & diverse pooulaticr of orga~isms tha+
received nutrients from Walnut Creek the creek supported an enriched com-
munity of 13 kinds of organisms numbering 4339 per square foot, an 1i1rdicatic
that nutrients discharged from the Rocky Flats Plutenium Plant a“fect the
benthic community immediately upstream from the reservoir At the inlet or
upper end of the reservoir (Station 1) the population of benthic organisms
was comcosed of si1x kinds with a total number of 89 organisms per square fcot,
twice as many organisms per square foot as collected 1n the upper end of
Standley Lake (Station 21) which 1s not reported to receive domestic sewage

Great Western Reservoir had low numbers of benthic organisms at all
stations except Stations 12, 16, and 19, where the benthic community was pre-
dominately sludgeworms numbering 74, 72, and 46 square foot, respectively
The larger numbers of sludgeworms at these stations as opposed to the other
areas of the lake (TABLE A-1) were probably due to nutrients received from
Walnut Creek Other areas of the reservoir that would have been affected by
nutriencts in runoff water, and not domestic waste, such as Stations 10, 13,
and 1o, d1d not support large numbers of sludgeworms. The deep water area
of the Great HWestern Reservoir represented by Stations 17 and 18 supported
cnly small numbers of pollution tolerant midges and sludgeworms (TABLE A-I,
FIGURE A-I1) The reduced number of organisms in this area of the reservoir
was caused by the presence of a layer of black decomposing organis material
or tne bottom Cores of the bottom material revealed 9 to 21 inches of
black seaiment covering the pottom  Bottom samples had a slight hydrogen
sulphide odor Since a simlar black organic material was collected at
Station 22 1n Standley Lake, the assumpticn must be made that both lakes
receive nutrients ana organic material from land runoff and such material
settles 1n the deeper areas where 1t decomposes In the case of Great lWester-
Reservoir, tne nutrients received from Walnut Creek add to the effects of

nutrients from agricultural drainage, thus affecting a larger area of the
reservoir

In tne plankton samples from Great Western Reservoir, filter-clogging
crgarisms such as ifelosira sp abundant, and taste and odor organisms such
as Staurastrum sp. and Ceratium sp were present, indicating possible water
treatment problems Pollution tolerant Microcystis sp was also present,
and indication trat tne reservoir water contained excessive amounts of nutri-
ents. Standley Lake phytoplankton were predominantly composed of the pol-
lTution tolerant algae Microcystis sp and Anabaena sp , 1ndicating the lake

has received enougn nutrient from agricultural runoff to become highly en-
riched or eutropnic

- A4 -
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In Septemper, 1973, tre U S Envircnmental Protection Agency responded to 1
request from the Ca'craco Cepartmert of Health to assist in the 1nvestigation
to verif{, tne suspectad releasels) of trit um in Tiquid wastes from the Qocky
1 lats Plant or tne U S Atomic Ene~gy Commission  Although focused an tne
determinat.an of tritium concentrations in area surface waters and the identi-
fication of the sodrce(s) of such contamination, the overall scope sf field
1nvestigation was expanded to include the momitorirg of plutonmium contamina-
tion of botsom seaiment 1n Great Western Reservoir and Standley Lake (corducted
during Cctoder, 1973) Both of tnese reservoirs lying short distances to the
east of the plant receive drairage from the site  Through 1973, Great Western
Reservoir recelved treated 11quid wastes (plutontum-bearing) from the Rocky
Flats Plant via the tributary stream, kalnut Creek

Extensive sampling of bottom sediment 1n Great Western Reservoir was conducted
previously by the Environmental Protection Agency during September, 1970 This
sampling prograin also 1nvolv?d seaiment sampling of an exploratory nature *n
Standiey Lake As reported 1), the 1979 findings indicatea the following

(1) Almost the entire bed of Great Western Reservoir was covered with sediment
containing plutonium 1n excess of the estimated baseline concentration,
¢ 0.10 pCi/gram, attributable to worldwide fallout from nuclear weapons
testing

(2) The possible existence of sectors of plutontum contamination in the deep-
water area of Standley Lake attributable to "accidental”" reledses from tne
Rocky Flats Plant

As a follow-up to tnese findings, the subject sediment tnvestigation was con-
ducted to document cnanges 1n the plutonium contamination of the sediment bed

of Great Western Rescrvolr over the intervening period of three years - September,
1970, to October, 1973 Additionally, extensive sampiing of Standley Lake
sediment was conducted to confirm the presence or absence of contaminated areas

To differentiate tetween sediment contamination caused by plutonium releases
from the Rocky Flats Plant vers<ys that resulting from worldwice tallout, seci-
ment samples were collected on April 18, 1574, from Cherry Creek Reservoir,
Marston Lake, and Ralston Reservoir (Considering the predominant wind direction
and the distances from the plant to the reservoirs, sediment contamination in
these reservoirs attributable to gaseous efflyents or windborne sources (con-
taminated so11) originatine at the Rocky Flats Plant was considered negligible
The three 1rpoundments are not impacted by liquid effluents from the plant
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SAMPLE CCLLIZT1ON ANMD ANALYSIS

PROCEDNRES D -

~

Bottcm sediment samoling stations 1n Great western Reservolr and Standley

Lake are snown 1n Figures [ and 11 For these stations, the col'ection of
dreage saroies was preaominent with this type collected at 37 of the 39

stations However, the ma,ority of the stations (21 of 39) were also char-
acterized by the collection of both core and dredge samples Dates of sedi-
ment collection for Great Westarn Reservoir and Standley Lake were October 18
and 25, respectively. Personnel from the Colorado Capartment of Health assisted
n the collection of samples from these two impcundments

Baseline sediment samples were collected from Cherry Creek Reservoir, Marston
Lake, ard Ralston Reservoir on April 18, 1974 Specific sampling lccations
are lisced 1n Table | For these 1mpoundments, sampiing was limited to
dredge samples

Dredge samples were collected by the yse of a Peterson dredje (without weights)
To obtain the composite dredge sarple for radiological analysis, the below
procedure was followed

(1) The sediment sampie contained 1n the jaws of the dredge was emptied 1nto
a pan. Caution was exercised to remove the collected sample as a layer
with as little disturbance as possible The extent to which this was
achieved s.ccessfully depended on the cohesiveness cf the sample

(2) In the case of a fairly cohesive sample, the composite samp'e was prepared
from aliquots obtained by scraping the sample surface with a hand trowel
For non-cohesive samples which underwent significant mixing i1n the closed
dredge as well as 1n the process of being removed from the dredge, the
comoosite sample was prepared from aliquots judged to be representative
of the overall sample texture That 1s, an attempt was mace to dupiicate
the reiative percentages of clay-like materials, silt, coarse materials
(gravel, etc ) and fines (sand).

Duplicate composite samples were prepared at all locations For analysis by
the Colorada Department of Health and EPA

A Phleger Gravity Corer(2) was used to collect all but three core samples
Shallow water dapths at Stations 1, 2, and 4 1n Great Western Reservoir pre-
vented the use of the corer Thece samples were collected by manually pushing
the plastic core tube 1nto the sedirent bed At all stations, field measure-
ments of the depth of penetration of the corer and the corresponding length

of the collected sample were taken to i1ndicate the relative degrea of compaction
during the collection procedure Core samples were maintained i1n the frozen

{a) Equipped with a 2' metal co~1ng tuoe uhich housed a plastic core tube
(1 5 1nzh 1nside drameter)
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SEDIMENT S-vPLT G STaIICONS

CYERRY CREEK RESER/OIR, ''33STC'l LALE,

—— e - - — — e - ——

N0 RALSTOM RESERYO'®

Station
Reservolir Humber Location
Cherry Creek Reservoir cC-1 Approx 130 meters from the
(approximately 24 miles southeast inlet
of the Rocky Flats Plant) CC-2 Approv 90 meters from the dam
Marston Lake M-1 Approx 45 meters from the inlet
(approximately 19 miles southeast
of the Rocky Flats Plant, M-2 Approx 45 meters from the inlet
Ralston Reservoir R-1 Approx. 45 meters from the head
(approximately 3 miles south of end (mouth of Ralston Creek)
the Rocky Flats Plant) R-2 Approx. 0.4 kilometers from tre
head end
R=3 Approx. 0 8 kilometers from the
head end (equidistant between
the head end and the dam)
R-4 Approx 0 4 Lhilometers frcm the
dam
R-5 Approx 45 meters from the dan
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‘ stata during the nterim ceriod between collection and proressirg @)

selected numder of core sections were providec to Dcw Chemical Company for
their own analyses

A1l EPA samples were analyzed in the Office of 7adiation Programs radiochemistry
laboratory, National Eavironmental Research Cenier, Las Vegas, Nevaga [Drecse
samples were analyzea for plutonium-238 and 239, cesium-137, berylilium, arg
potassium, selected samples also were analyzed for strontium-89 and 90 Core

sections were analyzed “or plutonium-239 with selected sections also analyzes
for plyronium-238 and tery:ilium

(a) The nrocess of "sectioning" each core sample 1nitially involved thawing
the sample and subsequently forcing the water out of the tube by pushing
the sediment core upward with a metal plunger (core tube in a vertical '
position) The cores sample was then sectioned by a stepwise process of
pushing the secdiment core upward and out of the tube, the exposed incre-
ment or step n each case being egual to the desired lengtn of the core
section DOuring the sectioning process, the core tube was held .n a
vertical position ana the desired core section was pushed i1ntg an inverted
glass Jar held at the end of the tube A wide-blade knife was used to
cut each section
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Plutoniun-239 -2sults for core and dredge samples f.rom

the five mmpounaments - Cherry Creex Reservoir, ®arstin
Lake, Ralston Reservoir, Stangdley Lixke, and Great wWestern
Reservoi~ - are presented in fables [[ - [¥ The plutonium-
239 results for dredge samgles ‘ron Great wWestern Reservoir
and Standley Lake aiso are shown 11 Figures [I[ and [V,
Analytical data for other parameters (cesium-137, strontium-
89 and 90, plutonium-238, beryllium and potassium) are
presented 1n Appendix A,

Physical descriptions of the core samples, including compaction
measyrerents, and corresponding photographs of the samples
prior to “sectioning” are comptied in Appendix 8. The com-
positions of dredge samples from Cherry Creek Reservoir,
Marston Lake, and Ralston Reservoir are described in this

same appendix.
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PLUTO{IUM CCMCI'TRATIONS 7% SEDIMEMT SIVPLES

RESEIYOIRS [% T-% DENVER YETRCPOLITAY AREA

Approximate
water (epth
Reservoir and Station (neters)
Cherry Creek Reservoir
cC-1 45
cC-2 6.0
Marston Lake
M-1 3.6
M2 4.5
Ralston Reservoir
R-1 2.4
R-2 1.5
R-3 28
R-4 3
R=5 33

Plutonium-

{oCi/gram

)

<0.01
<Q 05

<0.02
0.13(

b)

{a) Ory weight basis
(b) Result verified by replicate analysis

. a e LR W el
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TABLE I

PLUTONIUM CCHCINTRATIONS T4 SZTENT SAMDIES

STINQLLY LakS
Approximate Core Sample
Water Oregge Sample wore(d)
Cepth Plutonium-239 Section Plutonium-239
Station ~ (neters) (gCi/aram)(a) (cm) (pCi/gram){a)
1 Q.6 0.11 % Core
2 08 0 04 o Core
3 35 0.C5 o Core
4 10 0 04 0 - 254 <0 06
7.62 - 102 «0.04
S 4.5 0.08 g - 254 008
10.2 - 12.7 <0.03
6 590 0.086 No Core
7 9.5 0.15 0 - 2.54 <0 06
2.54 - 508 <0 07
14.0 - 16.5 <0.08
8 4.0 0.08 0 - 254 <0 C9
889 -114 <0.07
9 2.5 <0 02 No Core
10 1.0 0.08 No Core
11 4.5 0.03 No Care
12 13 0.10 0 - 2.54 0.10
254 - 5,08 <0 08
17 8 20.3 <0.03
13 6.0 0.03 0. - 254 <0.06
7 82 - 10.2 <0 06

(a) Ory weight basis.

(b) The 1imits of the range are measureme~2s 1n centimeters from the top
surface of the core sza—ole No correcsicn was mage for compaction
during sample collecticn
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TABLE III (z0ntinued)

Core Sample

Water Oredge Sample Core\d)
Depth Plutenxum-ZS? Secticn P1uton1um-%3?
Staticn  _ (rerers) (eCizgram;\é/ (cm) (pc1/gram)la
14 60 0 08 No Core
15 6.0 <0.06 No Core
16 21 0.17 0 - 2494 <0.10
10.2 -127 0.11
15,2 - 17 8 0.07
27.9 - 30.5 <0.04
17 3.0 <0.03 0 - 2.54 <0.16
5.08 - 8 89 <0 04

- 10 -
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TABLE v

PLUTCH'UM CONCENTRATIONS N STIIMENT SAMPLES

SREAT_WESTERN RESEVOIR

Approximate
Water
Cepth

_\reters)

us

0.6

2.5
0.5

1.0
4.0
4.0
35
0.6
$§

3.5
5.5

Core Sample

Uredge Sample CorelD)

Plutonium-%3? Section Plutonium-%SQ
(pCi/gram)(a (em) (pCi/qram)\d/
20 0 - 254 1.0

T 2.54 - 508 1.3
14.0 - 16.5 0.10
0 61 0 - 254 0 54
254 - 5,08 0.25
6.35 - 8 89 <0.02
2.9 No Core
0.46 0 - 3.49 0.25
4.45 - 8.89 <0.02
0.18 0 2.54 0.57
2.54 5.08 Q.61
7 62 - 10.2 <0.07
No Dredge 0 - 254 0.47
Sample 2 54 508 <0.07
10.2 - 12.7 <0.07
2.5 0 - 254 3.8
254 - 5,08 <0 06
127 -15.2 <0.03
1.4 0 - 254 26
254 - 508 45
17 8 - 20.3 <0 03
9.10 No Core
2.3 No Core
1.2 No Core ‘
<0,06 No Core

{a) Ory weignt tasis
(b) The limits of the range are measurements in centimeters from the top

surface of the (nre samole

No correction was made for compaction

during sa~ple collection.

alioaibamdtd. Svacis b
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TABLE IV (cantinued)

fore Sample

Approximate

water Oredge Sample Coreib)
Depth P1uton1um-%39 Section Plutonium-239
Station (meters) (pCi/gram)iad) {cn) (pCi/aram)(a)
i3 3.5 0 44 g0 - 254 0.34
88 -114 <0 06
14 95 4.1 0 - 254 26
2.54 508 2.2
178 -203 <0 08
15 9.3 2.5 0 - 254 0 30
508 - 703 <0.07
16 45 0.62 0 - 381 1.3
381 - 6.3 035
11.4 14.0 <Q 08
17 2.3 0.68 No Core
18 0.8 019 No Core
19 9.0 1.8 0 - 2.54 3.9
2.54 - 5,08 1.9
12.7 - 15.2 <Q 04
20 12 3.8 0 - 1.91 38
1.91 - 3.18 44
13.7 - 16 2 <0.04
21¢) 7.3 0.29 0 - 254 2.2
2.54 - 5 08 0.71
171 -197 <0 04
22 No No Credge g - 2.54 0.10
Measurement Sample 508 - 762 <0 10
12.7 -152 <0 04

(c) As shown in Figure [, the core and dredge samples for this sampling station
designation were not collected 1n the same approximate lccation The
dredge samplie was collected more inshore 1n shallow water

- 12 -
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JiSCUSSICH

With are exceotion (Station M-2, Marston Lake), dredge samples from Cherry

Creek Reservoir, Marston Lake, and Ralston Qeservoir contained plutonium-239

at concentrations substantially below Q .0 pCi/gram (Tab'e [I) This .onfirmed
previous firdings leading to the conclusion that the baseline Jevel of plutonium-
239 contintnation 1n the bad sediment aof area surfdce waters 1s typically less
than 0 IC zCi/gram The sediment concentration ot 0.13 pCi/gram obtained for
Station M-2 c¢n Mavston Lake was cansidered ta be more of a spuricus result than

a real corcentration. The factors which could have contributed to a 'high"
result were many. However, since the composite sample was analyzed 1n duplicate,
the reason was more probably one of sample collection and preparation as opposed
to analytical inaccuracies. That 1s, the composite sample prepared from the
Petersen dredge sample may have been biased in the percentage of "fines" and
somewhat unrepresentatise of actual bea conditions.

Taken collectively, the plutoniym-239 results for sediment samples collected
from Standley Lake did a0t indicate any discernmible contamination attributable
to the Rocky Flats Plant {Table III) Only the dredge samples from Stations

7 and 16 showed concentrations slightly 1n excess of the established base!ine
value (0.15 and 0.17 pCi/gram versus <0.10 pCi/gram). However, core samples
from these two locations were characterized by baseline ievels in all anrylzed
sections. Aciordingly, baseline conditions were concluded to be existent st
these twa lacations since the core sampies were more representative of the
undisturted sedinent bed.(3) Analysis of core sections from ail other sampling
Tocations also showed baseline concentrations of plutonium=23%. (omparsd to
the findings of the 1970 study, the indication of possible contamination %o a
depth of approximately 30 cm (compacted) i1n the aeep wmater ared near the dam
was not verified.

Plutomium=239 results for dredge swmples and the tep sections (<2 54 cm) of

the core samoles showed contamination attributable to i1quid mastes fros the
Rocky Flats Plant over almost the entire bed of Great Nestarn Ressrvoir (Table
IV). Consistent with the 1970 study, the zone or ares of highest contamination
was the central section of the reservoir (inlet to dam), Areas of minimum
mpact(b) ~ere the scuth arm (Stations 5 and 12), the shallow-water, shoreline
area between the south arm and the dam (Station 21-dredge), and the western
portion of the north arm (Stations 9, 18, and 22). The major differences between
the 1970 and 1973 studies were the following:

(1) Over the three year period between sediment sampling efforts, the plu-
tonium-239 concentrations i1n the upper sediment layer increased signi-

(a) In corpar‘son to a dredge sample, the core sample represents a relatively
undistJroed segment of the sediment bed There 1s li1ttle mixing of sediment
particles 1n a vertical direction although sigmificant compaction of uncon-
solidated material does occur

(b) Plutoniun-239 concentrations less than 0 30 pCi/gram

- 15 -
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ficantly Whereas tne maxirum corcentration observed in 1970 was 0.86
) pCi/gram, the Qctober, 1373, study snowed eleven (11) stations character-
‘ 1zed by plutonium-239 concentrations jreater than 1 0 pCi/gram  The
maximum concentration was 4 1 gCi/gram {Station 14)

(2) In contrast to the 1970 observation of maximum concentrations aoccurring
in the reservoir inlet area {adjac2at to the mouth of Walnut Creek) the
1973 study showed maximum concentrations 1n the deep-water area of the
reservoir (Stations 14 and 20)

The core samples supported tna previous findinc of plutonium contamination
k extending to depths of 5 cm or more (compacted) at most locations (Table IV)
Generalized, the typical concentration-sedimenc depth (thicknass) profile
: was one of decreasing concantrations with increased sediment thickness.

e Comparing the Great Western Reservoir plutonium-239 results for dredge samples
with those for corresponding top sections of core samples showed no better

! than "order-of-magnitude” agreement at each station. The reasons for the

. lack of relatively close agreement in terms of absolute concentration values

are considered to be physical differences introduced by sampling techniques
and procedures. As noted in a previous footnote, the dredge and core collec-
tion procedures produce disturbed and undisturbed samplies, respectively. The

: other factor of mmportance was the field procedure involving the collection of

' co.e sampies as a separate activity following the completion of dredge sample
collection. This involved revisiting each sampling site a second time. Since
the location of each sampiing station was determined by “eye" from references
to unique shoreline features, the sampling stations shown in Figure [ repre-
sent general areas of limited size and not specific points. Hence, the dredge
and core samples for any given sampling location represented samples collected
from only the same general area and were expected to show variations in con-

i ‘ centrations.
The cesium=137, strontium-89/90, plutonium-238, and beryllium data for core
and dredge samples from Great Western Reservoir and Standley Lake did not
indicate significant ditferences within a given impoundment or between the
two impouraments (Appendix A).
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SUMMARY

The October, 1973, sediment study of Stendley Lake and Great
western Reservoir and the April, 1974, sediment study of Cherry
Creek Reservoir, Marston Lake, and Ralston Reservoir produced
the following significant findings.

(1)

In the environs of the Rocky Flats Plant, the base-
line level of plutonium-239 in the bed sediment of
impoundments is ¢ 0.10 pCi/gram (dry weight).

Sediment throughout Standley Lake was found to con-
tain plutonium-239 at baseline levels.

Plutonium contaminated sediment attributable to the
routine discharge of plutonium-tearing liquid wastes
from the Rocky Flats Plant occurred throughout Great
Western Reservoir, Maximum concantrations i1m the top
layer of sediment (2.54 cm - compacted) were approx-
imately 40X the baseline concentration; {.e. approx-
imately 4.0 pCi/gram (dry weight). The thickness of
the layer of plutonium-contaminated sediment was 5
cm or more at most sampling stations.

- .
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INTRCDUCTION

Core and dredge samples were collected from the hottoms
of Great Western Reservoir and Stondley Lake during
October 1973 The sampling program was corducted jointly
by the United Siates Environmental Protection Agency
(USEPA) and the Colorado Department of Health! to assess
selected radionuclide concentrations in the reservoir
bottoms. ‘

Core samples were collected in l-inch diametier pipes
which were sectioned in l-inch horizons. Sediment
(dradge) samples were collected using a Petersen diedge.
Sample locations are shown in Figures 1 and 7

The USEPA requested that Rocky Flats Plant participate
in the analysis of approximately one-third of the core
samples. The Rocky Flats portion of the samples were
analyzed at Battelle-Pacific Northwest Laboratory ard
Lawrence Livermore Laboratory. The remaining samples
were analyzed by the USEPA at the National Eavironmental
Research Center-Las Vegas. he most complete data were
obtained for plutonium and cesium-137.

Analytical data were exchanged with USEPA in June 1974.
The fcllewing discussicn 1s based on a graphica

' 'synthesis of the data, including hor:zontal dispersions
at geveral depths, and veriiceal profiles at some stations.

-l —

DISCUSSION

Tables I and II show the concentrations of Pu 239-240

and Pu 238 1in the dredge samples and the core samples

and the Cs 137 concentrations in the dredge samples in
picocuries per gram (pCi/g). From these data contowr
drawings (Figures 2-6 and 7-9) were made of the Pu 239-240
and Cs 137 concentrations 1n the dredge samples and the

Pu 239-240 concentrations for different depths of the core
samples. Graphs were plotted of the concentration versus
depth for the Pu 239-240 core samples (Figures 10-18).

The following conclusions are based on these graphical
distributions and tables.

-
. Milion W. Lammering, USEPA, REGION VIIY
J. B. Baird, Colorado Department of Healih




Great Western Reservoir

1.

Highest conceairatiosne ¢t Pu 23¢-2:0 are found 1in
the low areas of tne rescorvoir and along the dam
(Figures 2, 3, and 4)

Cs 137 concentraricas are lLiighesti in tue low
area by the dam (Figure 0).

Core samples were not analyzed al every depth,

so plots of concenilration versuc depth are not
complete In most cases the highest councentrations
of Pu 239-240 were 1in the 0-1" level. At four
sample locaiions the 1-2" level was higher than
the 0-1" level. These locations are 1, 5, 8 and
20 (Figures 10, 12, 13, and 17).

Dredge samples 1, 12, and 21 (Table I) show a
difference between the EPA's results and Rocky
Flats' results, the EPA's being lower. In two
cases, points 14 and 19, EI'A and Rocky Flats
results are close.

Standley Lake

Highest Du 239-240 concentraticng 2re found by
the dam and by the island (¥igure 8). These
concentrationg are leower than those for Great
Western (0 1 for Standley and 4.1 for Great
Western).

The Cs 137 concentrations in Standley Lake are
about the same as in Great Western Reservoir
(2.4 for Standley and 2.1 for Great Western).
Cs 137 18 also concentrated at the dam and
around the island (Figure 9).

Sample points 2, 5, 7, 10, 15 and 17 show
differences between EPA and Rocky Flats results,
Rocky Flats results being higher (Table II).
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RADIONUCLIDE CONCENTRATIONS IN RESERVOIRS, STREAMS AND
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION

SUMMARY

A study of the radionuclide concentrations and distributions 1in surface
waters and sediments of Great Western Reservoir (and the streams feeding 1t),
1n Standley Lake, and in domestic tap waters from the cities of Broomfield and
Westminster was conducted between April 29 and May 3, 1974 The results of
this study show that 23%3-240py and 2%1Am concentrations in the waters and sedi-
ments of Great Western Reservoir, the streams feeding i1t, and in Standley Lake
were above the fallout backgrgund,; Plutonium-239-240 and 2*lAm concentrations
were below detection 1imits in Westminster tap water (<0.001 dpm/%), but
Broomfield tap water contained measurable but minute quantities of 233-240py
(0 0026 + 0.003) and 2%1Am (0.006 + 0.003 dpm/2). These concentrations are
orders of magnitude below previously reported values published by other 1nves-
tigators The 239-240py concentration 1n Broomfield tap water is 1 5 mi1lion
times below the Concentration Guide for 239-240py 1n waters applicable to expo-
sure of the general public (3700 dpm/2), and 13,380 times lower than the EPA
National Primary Drinking Water Regulation of 33 dpm/2 for total long-1ived
alpha particle activity (exclusive of radon and uranium). Such low levels of
transuranic activity should pose no health hazard to area residents.

The concentrations of 239-2%0py 1n surface sediments (top 5 cm) 1n Great
Western Reservoir ranged from 0 45 to 13.4 dpm/g, and averaged 7.8 dpm/g
The 2%1Am ranged from 0.17 to 3.75 dpm/g, and averaged 1 9 dpm/g. The depth
distribution of both 239-240py and 2%lAm n age-dated sediment cores (using)
137Cs) from Great Western Reservoir showed two periods of plutonium deposition
Highest deposition corresponds to a deposition period of 1968 to 1969. The
secondary maximum occurred between 1959 and 1964, Both maxima are thought to
be primarily associated with recorded controlled waterborne releases from the
plant but the secondary maximum will also have a component from worldwide
weapons-testing fallout.

Total inventories of 239-240py and 2%4!Am 1n the sediments of Great Western

Reservoir are estimated to be 244 mCi1 and 73 mC1, respectively Most of this
v?u. M

Pu3.3 xhm
111




activity 1s located in the deep sediment deposits at the eastern end of the

reservoir

In Standley Lake, the 239-2%0py and 2“lAm concentrations averaged about
16 times lower than those 1n Great Western Reservoir. Because of 1ts greater
area, however, the estimated Standley Lake sediment inventories of transuranics
are a factor of only four less than those i1n Great Western Reservoir, 1 e ,

61 mC1 and 18 mCi, respectively, of 239-240py apd 2%1Am.

The 137Cs concentrations 1n Great Western Reservoir and Standley Lake
sediments are typical of the fallout background of 137Cs observed 1n sediments
from numerous waterways in the United States.

The naturally occurrmg in surface and domestic waters near the
Rocky Flats area represents a much greater relative contribution to the public
radiation exposure than do the traces of plutonium. The measured activity of
226Ra 15 100 to 1000 times that of 233-2%0Py, and its MPC as soluble material
1s 167 times less than 23%Pu. Also, 226Ra tends to be more soluhle thap

plutoniym and passes through the water treatment plants more efficiently than
239-240py

1v
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INTRODUCTION

The presence of plutonium 1n soils near the Rocky Flats plant has been
well documented (1, 2, 3, 4) However, 1ittle data are available which
describe the plutonium distribution in the surface waters and sediments in the
Rocky Flats vicinity A study was conducted between April 29 to May 3, 1974,
to determine the radionuclide input to Great Western Reservoir (GWR) and Stand-

ley Lake (SL) during the operation of the Rocky Flats plant It was proposed
that this study measure the concentrations of Pu, Am and other radionuclides

in waters and sediments of these reservoirs, their inlets, and associated water
treatment plants to determine (1) the quantity and origin of radicactivity

1n the Great Western Reservoir and Standley Lake systems, (2) when the accumu-
lation of radioactivity had occurred, and (3) to what degree the radioactivity
had moved through the aqueous environs.

SAMPLING METHODS

Samples of water and sediments were collected 1n May of 1974 A large
volume water sampler was used to collect samples from inlet streams to Great
Western Reservoir (see Figure 1, Table 1). Sampling sites were located at the
A-3 pond, B-4 pond, and the landfi11 pond which drain into Walnut Creek, South
Walnut Creek and North Walnut Creek, respectively Sampling was also conducted
on Walnut Creek at the Indiana Street culvert. In addition, Great Western

Reservoir and Standley Lake waters and sanitary waters from the water treat-
ment plants for the cities of Broomfield and Westminster were sampled. The
water sampler used i1n this study passes water through ten parallel filters
(pore size equivalent to 0 5 um) followed by passage through anion, cation and
aluminum oxide sorption beds This sampling technique has several distinct

advantages over conventional grab sampling methods. 1) 1t allows for sampling
extremely large volumes of water (up to 2000 liters) which greatly enhances
the sensitivity for measuring ultratrace quantities of radionuclides, 2) 1t
assures the removal of essentially all chemical forms of the radionuclides
which are present 1n the waterways, and 3) it permits the determination of the
particulate (1 e , the greater than 0 5 um fraction), anionic (or negatively

charged species), cationic (or positively charged species), and nonionic
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fractions (or uncharged species of the various radionuclides in the water)
This characterization 1s very important 1n understanding the behavior, fate
and ayailabilaty of radionuclides in the aquatic environment Anionic_forms
of radionuclides are much more mobile in aquatic environs compared to cationig

forms of the same radionuclides. Anionic forms also are more difficult to

remove 1n water treatment plants.

Depending upon the turbidity of the water, up to 2000 1iters of water
were processed. Standley Lake, Great Western Reservoir, and especially the
creeks which drain i1nto Great Western Reservoir, contained appreciable sus-
pended loads, and plugging of the filters limited the volume of water which

could be pumped through the samplers

Sediment samples were collected from Great Western Reservoir, Standley
Lake, and from a sedimentation bank consisting of deposits of filter-backwash
material from the Broomfield water treatment plant (see Figures 2-4, Table 2)
Surface sediments were collected from a boat using a 12-inch by 12-1nch Wildro-
Eckman (W1l1d11fe Supply Company, Saginaw, Michigan) dredge and using the top
2 1nches of sediment for analyses. Core samples were obtained using PNL's
6-1nch diameter gravity coring device which 1s capable of sampling sediments
to depths of 24 inches. Core samples were i1mmediately frozen to prevent mixing

of the sediments or migration of the radioactivity, and to thus enhance the
integrity of the core The cores were subsequently sectioned into 2-inch thick
slices to determine depth profiles for the various radionuclides.

ANALYTICAL METHODS

Samples of filters, 1on exchange resins, sediments, and water were packaged
1n a standard geometry configuration and the gamma-ray emitting radionuclides
were determined by measuring in a Ge(L1)-NaI(T1) coincidence-anticoincidence
gamma-ray spectrometer This high-sensitivity gamma-ray spectrometer stores
coincident and single events 1n separate halves of the memory The NalI(T1)
well crystal 1n which the Ge(L1) detector 1s inserted will accept environmental
sample sizes up to 1 1 liter volume

The concentration of the separated plutoniym radionuclides was measured
by alpha energy analysis Environmental samples were spiked with 242Pu tracer
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and dried The samples were then leached with a HNQ,-HC1 solution The resi-

due was dried and fused with Na,CO, The fused salts were dissolved 1n acid
and combined with the acid leachate. The combined solution was converted to
8M HNO; and the plutonium adsorbed on a Dowex 1, 50-100 mesh NO;~ form anion
exchange column  The plutonium was eluted by reducing to Pu*3 with an HC1-HI
acid mixture Nitric acid was added to the eluate and evaporated to dryness
The residue was dissolved in nitric acid, the plutonium oxidized 1n Put* with
NO,- and evaporated to dryness. The residue was dissolved in hydrochloric
acid and passed through a Dowex 1, 50-100 mesh, C1~ form anion resin column
Plutonium was eluted by reducing to Pu*3 with a HC1-HI mixture. The eluate
was evaporated to dryness, dissolved 1n sulfuric acid and electroplated. The
radiochemical yi1eld was determined by the recovery of 2%2Py tracer

The concentration of 2%1Am in sediments and water samples was determined
by using the described anticoincidence shielded Ge(L1) diode. This instrument
lowers the background and Compton interference by an order of magnitude as com-
pared to conventional Ge(L1) diodes of the same size. Much lower detection
levels could have been attained by chemical separation of the 2*lAm followed
by alpha energy analysis, but the cost of such analyses was prohibitive

ANALYTICAL RESULTS

The radionuclide measurements from water samples associated with the
drainage systems of Great Western Reservoir are shown in Tables 5 through 13
and consist of sampies taken from A-3 pond, B-4 pond, a landfi111 pond, the
inlet to Great Western Reservoir (Walnut Creek), Great Western Reservoir (near
dam si1te), and sanitary water from the Broomfield water treatment plant. The
radionuclide measurements 1in surface sediments and core samples collected 1n
Great Western Reservoir are shown in Tables 14 through 32 and consist of sam-
ples taken at Great Western Reservoir and at the Broomfield water treatment
plant filter-backwash pond The radionuclide measurements from surface sedi-
ments and core samples from Standley Lake are shown in Tables 33 through 36
Water samples associated with Standley Lake are shown 1n Tables 37 and 38 and
consist of samples taken at Standley Lake near the dam site and Westminster
water treatment plant. Summaries of radionuclide concentrations i1n surface
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waters normalized to !37Cs concentrations are shown in Table 3, and compari-

sons of our 2327240py and 2%1Am with previously reported data are shown 1n
Table 4

DISCUSSION

Surface Waters

Radionuclide concentrations 1n surface waters which drain through the
Rocky Flats area were extremely low, and frequently near detection Timits
This sampling was conducted during a period 1n which fallout from nuclear
weapons testingreached 1ts lowest point since the early 1960's. Nevertheless,
ultratrace quantities of a number of fission products and transuranic radio-
nuclides were detectable 1n surface waters and 1n Broomfield city tap water
(see Tables 5-13 and Tables 37 and 39). However, there 1s ng evidence that

these fission products originated from the Rocky Flats Plant, since their
relative conc ) uishable from fallout.

The drinking waters of the cities of Broomfield (derives water from Great
Western Reservoir) and Westminster (derives water from Standley Lake) were
analyzed to determine 1f Pu and Am were present. No 239-240py (<0 0003 dpm/2)

or 2%1Am (<0.1 dpm/2) could be detected 1n Westminster tap water. Ultra-trace
m -~

amounts of 239-240py were detectabie 1n Broomfield tap water, 0 0022 dpm/2
being 1n a_soluble species and 0 00029 dpm/2 being i1n a particulate form,
Americium-241 concentrations_were detectable only 1n the particulate phase, at
a concentration of 0 007 dpm/%. The 239-240py concentrations 1n Broomfield

tap water are 500 times lower than that reported 1n Radiation Data Reports(])
for the 1971 yearly average, and are 15 times lower than measurements made

1n 1969-70 by Poet and Marte]1(3) (see Table 4) Also 1n Radiation Data
Reports,(]) a 239-240py concentration of 0 89 dpm/2 was reported as a yearly
average for Westminster tap water The value reported in RDR 1s about 3000

times higher than the "less than" concentrations measured in this study The
sampling and analyses methods were not described in the studies reported 1in
RDR(]) and Poet and Marte]],(3) SO no comparison can be made with the

methods described here  However, 1600 1iters and 2000 liters, respectively,
of Broomfield and Westminster tap waters were sampled 1n this study The




particulate and soluble forms of 239-240Py (and other radionuclides) were
removed and concentrated on filters, resins and activated aluminum oxide
adsorbents during the sampling process, so handling, storage and contamination
problems were greatly minimized It 1s felt that the extreme sensitivity and
care afforded by this large-volume sampling technique have provided the most
accurate ultratrace measurements of 233-24%0py ever made 1n these tap waters

The 233-24%0py concentrations which were measured in Broomfield tap water
(0 0025 dpm/2 total 239-240py) and Westminster tap water (<0.0003 dpm/2 total
239-240py) were 1.5 x 106 and 1.2 x 107 times, respectively, below the max-
mmum permissible concentration 1n waters applicable to exposure of the gen-
eral public, which 1s 3667 dpm[&,(3) These concentrations are also 13,300
and 110,000 times Jower, respectively, then the EPA National Interim Primary

Drinking Water Regulations for total long-lived alpha activity (exclusive of

radon and uranium) which 1s 33 dpm/zgilo) Whereas the RDR(]) report showed
that Standley Lake water and Westminster tap water contained about the same
239-240py concentrations, the data here show that at least a 10-fold reduction
of the 239-240py Jevels occurs during the water treatment process This 1S

accomplished primarily by removal of the particulate forms of 239-240py

The sampling method used 1n this study partitions the radionuclides into
particulate, cationic, anionic and nonionic chemical forms. Such information
on the chemical forms 1s useful i1n assessing the environmental behavior and
fate of radionuclides 1n aquatic environments. Plutonium-239-240 1n Standley

Lake appears to be predominantly associated with the particulate matter The
majority of the 23%3-240py 1n Broomfield tap water 1s in-a-soluble anionig
form The 7Be, 25Zr-25Nb, 1%iCe, l1%*Ce and 2“!Am were usually associated

b1} "
with the suspended particulates, whereas the %0K, 103-106Ry, 124Sh and 225Ra.)r y&¢u,*(

were predominantly present as soluble species The soluble 103-106Ry shows a

unique behavior, being present 1n anionic, cationic and nonionic forms The
chemistry of ruthenium 1s complex, and numerous chemical forms are known to
simultaneously exist in natural waters During the water treatment process at
the Broomfield and Westminster water works the cationic 106Ry 1s efficiently
removed, but the anionic 196Ru 1s only slightly reduced in concentration It
1s 1nteresting to note that about 60% of the filterable Pu 1n Broomfield tap
water was collected by the anion resin
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In some of the surface waters, a small fraction (5-30%) of the “OK and/or
137C5 was collect=d by either the anion resin or Al1,0,, and in the Broomfield
tap water as much as 69% of the !37Cs was collected on the A1,0, The most
plausible explanatior for this anomaly could be the presence of negatively
charged colloids which <contain adsorbed radioactivity, and which may have a
high affinity for the anin?n resin or activated aluminum oxide

Sediments

Great Western Reservoir

Great Western Reservoir sampiing locations are shown i1n Figure 2 The
perimeter of the reservoir, except fcr the deep eastern end, appears to be
rather well scoured of fine-grain sediments. The near-shoreline stations B-5,
D-1, D-2, D-5 and E-4 were characterized by gravel or partial rock bottoms
and no sediment cores could be obtained ot ihese locations The bottom of the
western half of the reservoir, and also neer the center, contained a layer of
flocculent sediments several inches thick wh.ch overlay a hard, compact clay
layer, believed to be the original bottom of tre reservoir The compact clay
bottoms of these cores had undetectable amounts cf '37Cs, which suggests pene-
tration of the coring device i1nto the original clay bottom where no fallout
137Cs had reached (see Tables 26 and 28). In the decp eastern end of the
reservoir, at Stations A-2, A-3 and B-3, up to 16-22 i1nches of fine-textured,
soft sediments overlay the compact clay bottom layer rt these locations cores
of 20 to 24 inches 1n length were collected, the bottom several inches con-
taining the original hard clay bottom of the reservoir The lcw !37Cs concen-
trations 1n the compact clay bottom of these cores indicate that oenetration
through the sediments deposited since the dam was_constructea in 1255 was
achieved Based on these observations and using 137Cs to age date tie deep
cores, sedimentation rates for various locations in the reservoir could be
estimated and are shown 1n Figure 9 Sedimentation rates i1n the eastern end

«f the reservoir appear to range from about 0 82 to 1 45 incher per year, ind

11 the center of the reservoir range from about 0 1 to O 46 inches per year

Sefimentation rates around the perimeter of the reservoir ipopear to be less

than 0 1 1nches per year
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The distribution of “OK, 137Cs, 226Ra and 2“1Am 1n surface sediments
of the reservoir are shown in Figures 5 to 8 The concentrations of !37Cs,
226Ra and 241Am are two- to threefold higher 1n the sediments located 1n the
center of the reservoir compared to the sediments accumulating around the
perimeter of the reservoir This may be due to erosion of the edges of the
reservolr, resulting in a dilution of the contaminated sediments by the input
of relatively uncontaminated clay soil. The 137Cs concentrations in the
reservolr sediments are typical of the fallout background levels observed at
other locations 1n the United States (5, 6,7, 8)

It should be pointed out that the radionuclide concentrations 1n the sur-
face grab samples do not exactly correspond with the concentrations measured 1n
the top 2 1nches of the gravity cores, especially at stations along Transect A
We believe that this 1s due to small differences in distance (tens of feet)
between the actual locations where the grabs and core samples were taken The
reservolr bank at the eastern end 1s steep So that deep gravity cores along
the side of this bank could be obtained, 1t was necessary to back off toward
the center of the reservoir several tens of feet. It was subsequently found
from the sediment data that radionuclide concentrations decrease i1n the near-
shore sediments compared to those 1n the middle of the reservoir, and 1t is
believed that this 1s the reason for the observed differences between surface
grabs and the tops of the gravity cores.

A comparison of the 233-2%0py and 2%1Am data 1n this report with earlier
studies reported in Radiation Data Reports(]) and by Poet and Marte11(3) 1S
shown 1n Table 4. The average 23%3-240py concentrations 1n surface sediments
measured here were 3 2 and 25 times higher, respectively, than that reported
n ROR(1) and by Poet and Martel],(3) while the average 2%1Am concentrations
are 30 times higher than that reported by Poet and Martel].(3) Since the
distribution of radioactivity in the reservoir shows low levels near the shore-
Tine, the samples analyzed i1n the RDR report and by Poet and Martell may have
been obtained near the shore Such samples do not give a representative pic-
ture of the areal and depth distribution of radionuciides in the reservoir

In Figure 10 the depth distribution of the 137Cs in several cores 1s
plotted It has been demonstrated by other investigators (5, 6,7, 8) that
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137Cs can be used to age date certain types of sediment cores, and that the sub-
surface maxima are due to abnormally high levels of fallout !37Cs which had

been deposited 1n 1963 Cesium-137 becomes strongly attached to sediment par-
ticles and becomes a tracer of sediment deposition Post-depositional diffu-
sion or chemical exchange of the attached 137Cs has been shown to be practically
negligible Thus, !37Cs can be used to age data sediment cores 1f the sed1-
mentation rate 1s fairly constant and of the appropriate magnitude to be
compatible with the 30-year half-1ife of 137Cs  These conditions appear to be
optimum for Great Western Reservoir, and the 137Cs depth profile 1n Figure 10
can be age dated with the 137Cs maxima corresponding to sediments Taid down

in 1963

The distribution of 239-240py 1n the A-2 core 1s shown in Figure 11, with
the age vs depth scale on the right margin Two subsurface maxima in the
239-240py depth distribution may be 1dentified The larger 232-24%0py maxima
occurs at a depth of 6 i1nches, and corresponds to sediments deposited between
1968 and 1969 The smaller maxima occurs at a depth of 16 inches, and
corresponds to sediments deposited around 1959

A similar dating procedure may be done for the 241Am distribution observed
1n the A-2, A-3, and B-3 cores (cf Tables 20, 21, 22, 23, 25, and 26) because
of the relative constancy of the plutonium to americium ratio (Pu/Am = 3 3 =

79 in the A-2 core) This analysis likewise indicates a primary maximum
in the 1968 to 1969 period but shows the secondary peaks to range from 1959
to 1964

These transuranic sediment distributions in Great Western Reservoir are
thought to be primarily associated with controlled, recorded waterborne re-
leases from the olant but the secondary (eariy 1960's) maximum will also have
a component from worldwide weapons testing (9)

The amount of 239-240Py yncorporated 1n Great Western Reservoir sedi-
ments 1n excess of that derived from fallout can be estimated by dividing the
ratio of 239-240py/137Cs 1n the sediments by the 239-240py/137Cs ratio 1n

fallout The 239-240pys137Cs ratio 1n fallout has been reasonably constant

——————— .

at about 0 01 since the early 1960's 7 The 239-240py/137Cs ratios 1n Sacramento,
California soils (top cm) and in Columbia River sediment cores upstream from

2
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the Hanford project were 0 013 and 0.012, respectively, and are thus not much
different than the fallout ratio The average 239-240py/137Cs ratio 1n
surface sediments of Great Western Reservoir was 2 75 Thus, the apparent
plutonium contribution to thidggﬁizﬁi;sed1ments from Rocky Flats averaged
about 275 times that contributed fromAfallout. The apparent Rocky Flats
plutonium contribution relative to that derived from fallout i1n the subsur-
face sediments 1n the A-2 core ranged from about 260 at the surface to 80 at

a depth of 12 inches

The inventory of 233-240py 1n Great Western Reservoir sediments can be
estimated as follows the reservoir can be divided into three zones of pluto-
nium activity and sediment thickness (see Figures 12 and 13) Zone A 1s the
deepest layer of sediments (40 to 50 cm) containing the highest plutonium activ-
1ty, and 1s located at the eastern end of the reservoir. Zone B 1s a region
approximately 3 times larger in area than Zone A and of intermediate sediment
thickness (estimated to average about 20 cm deep) and plutonium activity, and
extends to the west from Zone A. The average 23%-24%0py activity in Zone B
was estimated to be about 5 dpm/g, and was obtained by using a slightly lower
plutonium concentration than the average surface value, which was 6 dpm/g
This reasoning was used since the average 239-24%0py concentration in Core A-2
(0-50 cm) was 75% lower than the surface plutonium concentration 1in the core
Only surface plutonium concentrations were measured in Zone B Zone C 1s the
remaining area of the reservoir which 1s characterized by a thin deposit of
sediments (estimated to average about 5 cm deep) of relatively low activity
The average plutonium activity in this area 1s the most difficult to estimate,
since only one 239-240py measurement was made. Since the !37Cs and 241Am
concentrations 1in the sediments from the shallow areas represented by Zone C
are 1/3 to 1/2 of the concentrations i1n the center and east end of the reser-
voir, a plutonium concentration of about 1/3 to 1/2 of the maximum surface
concentrations 1n the east end was estimated and 3 dpm/g was used A tabu-
lation using these considerations may then be made.




Est Avg 239-240py Avg.
Surface Sediment Sediment Sediment Activity
Area (m2) Depth (m) Vol (cm3) Wt (g)* (dpm/g)
lone A 45,000 05 2 3 x 10tV 32 x 1010 9
Zone B 120,000 02 2 4 x 1010 3 4 x 1010 5
Zone € 400,000 0 05 2 0 x 1010 2 8 x 1010 3

*Assuming a bulk density of 1 4 g/cm3 for the sediments. This 1s a

typical value for fine grained lake and river sediments

Upon multiplying the sediment masses (g) by the average 23%9-240py concentra-
tions 1n each zone, these three sediment zores contain the following estimated
1nventories of 239-240py

_dom nt1

Zone A 29 x 1010 131
Zone B 17 x 1010 77
Zone C 8 x 1010 _36
Total 54 x 1010 244

Thus, a total of approximately 244 mCi1 (or 3 9 g) of 239-240py 15 present
1n the reservoir sediments Over 50% of this inventory 1s located in the deep
sediment deposits at the east end of the reservoir which represent only about

8% of the total surface area of the reservoir

The average 241Am/239-240py ratio 1n surface and subsurface sediments
1s about 0.30 Thus, an 2*1Am inventory of about (244 mC1){(0.30) = 73 mC1
1s also present in the reservoir.

Two 18-1inch sediment cores were collected from a sedimentation bank con-
sisting of deposits of filter-backwash material (alum floc) from the Broomfield
water treatment plant (see Table 2 and Figure 4) The radionuclide analyses
of these cores (see Tables 2, 31, 32, and Figure 4) showed 137Cs and 2%1Am
concentrations which were typical of the surface sediments 1n Great Western
Reservoir The 239-240py concentration in these cores, based on extrapola-
tions from the 241Am/239-240py ratio 1n the reservoir sediments, was esti-
mated to average 4 5 dpm/g This sedimentary material appeared to consist
primarily of processed alum floc Since the radionuclide concentrations 1n

this material were similar to those observed in surface sediments of the

10




reservoir, 1t would indicate that scavenging by the alum floc of soluble forms
or very small suspended particles (containing relatively high concentrations
of adsorbed radionuclides) was occurring during the water treatment process

Standley Lake

Although Standley Lake 1s about four times larger than Great Western
Reservoir, the sedimentation characteristics of the two water bodies appear to
be quite stmlar The area of high sedimentation i1n Standley Lake 1s located
1n the deep water at the eastern end of the lake adjacent to the dam At this
Tocation (SL-5G) a 17-inch long gravity core was obtained which showed a
137Cs depth distribution quite similar to those observed at stations A-2,

A-3 and B-3 at Great Western Reservoir A sedimentation rate of about 1 0
inches/year was estimated for this area of relatively fast sediment deposition
The western 2/3 of the lake has a sediment bottom characterized by a 1- to
6-1nch layer of flocculent sediments which overlay a layer of hard, compact
clay which appears to be the original lake bottom

The average 23%3-240py concentation 1n Standley Lake surface sediments
was 0 49 dpm/g, which 1s about 16 times lower than in Great Western Reservoir
(see Table 3) The 2%1Am concentrations were near the detection 1imit of the
direct counting method used, but an average concentration of 0.28 + 14 dpm/g
was measured 1n four samples Based on the relative sizes and radionuclide
contents of Standley Lake and Great Western Reservoir, i1t 1s estimated that
the 239-240py and 2%1Am 1nventories in Standley Lake are about 1/4 of those
1n Great Western Reservoir, or about 61 mC1 of 233-240py and 18 mC1 of 24lAm

1
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Location

Table 1

LARGE VOLUME WATER SAMPLES

Westminster City
Water Supply

Standley Lake

Broomfield City
Water Supply

Great Western
Reservoir

Walnut Creek &
Inlet to GWR

B-4 Pond

A-3 Pond

North Walnut Creek

Below Rocky Flats
Landfill

Date

4-29-74

4-29-74

4-30~74

4-30-74

4-30-74

4-30-74
5-01-74

5-01-74

Volume Sampled

(liters)

13

2006

710

1665; 1514

297; 212

70.8; 58 3

153
97.4

136

No of
Samples




Table 2

SEDIMENT CORES

Great Western Reservoir and Standlev Lake

Core Length

Station (1nches)
A-1 8
A-2 24
A-3 20
A-4 6
B-3 20
c-2 6
c-3
Cc-4 10
E-4 6

*HC-1 18

*HC-2 18

**SL-5 20

*Broomfield Water Treatment Plant Effluent
Basin

**Standley Lake

14
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February 27, 1980

John Harley, Director, EML

BATTELLE PNL REPORT '"RADIONUCLIDE CONCENTRATIONS IN RESERVOIRS, STREAMS AND
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION"

I find no major technical problems with this work It provides useful in-

formation on levels of transuranics and other radionuclides 1in the water systems
near the Plant. The study, which was conducted six years ago, deals mainly with
Great Western Reservoir which receives some of the waste liquid discharge from

the Plant It is therefore difficult to distinguish that fraction of the plutonium
found in sediment which was deposited following resuspension from the barrel storage
area, Only the dated core segments from Great Western provided a history of plu-
tonium contamination and both peak periods (1968-69 and 1959-64) were attributed

by the authorsto controlled water-borne releases.

Unfortunately, Standley Lake which contains Plant plutonium that arrived
primarily by the airborne route, was not sampled as intensively In fact, the
single core taken showed no depth structure in the plutonium data according to the
text, In fact the plutonium data for the core segments are not presented and
table 34 1ndicates plutonium was not measured. The core was taken in the same area
of the Lake as the one WHOI took for us in 1976, but our core was 50 cm long while
the PNL core was only 38 cm. Assuming the sedimentation rates were similar, the
PNL core would have missed the 1963-64 fallout peak. Neither this PNL study nor
ours in 1976, however, answers the question of whether there was an airborne release

from the Plant prior to that which started around 1966 and peaked in 1968-69.

WHOI might feel the need to criticize the coring and preservation methods

(e g. freezing before sectioning) used by PNL but I do not see important problems

here.




DOCUMENT D-6

"Time Pattern of Off-Site Plutonium Contamination From Rocky Flats Plant
by Lake Sediment Analyses"

‘ (1978)
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TIMU PATLIERN O OFT=SUTL PIUTONIUN CONTAMINATION
TROM ROCKN TTALS PTANT BY TART SEDIMEN TV AEASTS

. P Hardy, LML

I D Tiwangsten, WIHOIL

I C Purke., WHOI
It I \volehot, M

VS IR L
A Suem sedhimea core ohey D T9TOH 10 0 SEa ATy et
7 hm ecast of the Rocwy s Plant, vas secticwd vto t o

cm cegments which wore and' ced tor VY svtrusine
radiomuclid s v wdenendrr t time U owes vere cevetopd
hased 1pon 37 s nd f1ansun e AR RTINS Y AL Sl A
1964 fallout m wvimum and o hagh S R R U E AT Y

L cotiner {the onget ol fadodct broycy e SNVt 9 el e
The tvo e hinee e wd v Molang 1t poecthde taq
*he co ¢ over a 1t vrar perton N pealk ! ancwrinte ©
centratrone occurt o Tte 1909 wlae o was attribatible
confammtion from the Bocky Thus Dot [ e 1o macs ise -
‘opte nalvsre of Jtutonium tsotopes 10 selerted oo e se L ente
tre Roeswy b s und Jtebal talvout olutorury swoore diftore et
Makine it porssibilc to estimate thal 13 nCy 239, 210py, porom )
from Rocky [ oate had acoumulated e the sediment VU -migh
this amount represented el e by both daeet ‘eposition ¢

[

mitially 211he o Mmateriyl and soil eroswon witlir the watershen,

the amront in the s rliment trough 197015 2asonab le v > o
prrod tothe plront 1 m so? raupicths develey o an 170

[y oduction

“he acksy Hlats Phant oo coolden, (olor nfo ts 12 ¢y e - W ovocon utr

operatcd tacility whien 1s part ~* a1 tvronv wde naciear weapons poodactt 1o plos

portion of the Plant 1s mvolved 1n olutomum o’ ocessing and waste treauent Vs a

temporary mcasdre hogmuing in 9%, diur s cortatan cuttiaT b~ an rate b v

3
plutontum were plicad mooper o ~ge at the ~ ) P aeast (o o1 ab e puee Baoatms

determoration ot somc drums had eansed the 1clowse of mit to e grear « rface where

plutonium became available for ro -entrairmant and redistribatica by tie ward

* Woods Hnle Oceanographic Institution, “Woods Hole, Mass
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4 maot fire ' 1669 m oac of the plutonue handling facilities, Dro 1Y artel! of the
Coloradn Committee tor | nvironment 1l Intormtion reportcd tindg platonum in sotls
on adjacent public and private lands®  n 1970, the Mnvironmental Mcasurements
‘ Laboratory EMI, (formerly the llealth and Safety I aboratorv), emploving sampling
and analysis techniques developed during studies of world-wide fallout from nuclear test-
ing, investigited soil contimimation around Rocky [lats ond the cutlving areastd e
distribution of the tot:l mewsured pluto untm, show o 'n Maure 1T as wel' as m trorolrgicl
considerarions, identifie * the Hariel storze arca as the so pce of the contumantion [ he
body ot witer at the ¢onrer of thie frmure 12 Standley Tabe, a reser ot primarie serving the
comn untt. of We<tminstc!
In 1ccent ve1s a number ol mvestiqations have demonstrated thot, i arcas vty 1hgn
rates ot scdiment ition, <othiment (ores ¢ provade a pollution history ot 11 21« ~H -
whereas so1l samples, 1opresent oaly the wcumulated deposit ot ar~horne

(1)

0
aehris Smee standley 1dhe s between tne 10 apd 29 nC1 per m= podonrim iSo-

pleths m Liguie 1, exatartion ot the sediment could provide a time patter of piutoamwnn
contammation {1om the Rack Tlat, L hint Radroeticihy measurements o =rci ien’ o1
sectiy s provt o o mtormation whicl can b used (o gstimoc the time perod ove chid!
eacl segmoent was Jenosited  (esitm-=137 ond trancurinnes trom nuc'er osts 1 the at-
.mnsphmc, cove  tle paitsd from went 1951 to the presont whate lead 270, natcratd
occdr 1ing 1 wdiotsotune whieh ts pres nton the uwmosprere as o resuit ob 1 adioac!

Jecar of voanter v om the arty crist, o he vser o gy over tie T 1 s

\}éthmi:

O~ Vumist 20, 1979 one ot us (1C 1) cottected Lwo sctiiment co.es Hiom the rente
of Standleyv I ake a' a water depth ot 2bout 20 m  \ 21 ¢m diameter Harrct eorag device

equipped with 1 spht cter core rctame: wais Uf;ml‘n)

\fter siphoning off water {rom
ahove the s d ment witer interface, a piston was placed m the barrel op ton of the sedi-
ment column ara the cntire device vas mverted  The core was then extruded trom the
bottom end 11 tvo cm segments  Durag the extrusion ot the sediment, materia: in the
nese cone and arourd the outer 1 ¢m cdge ot the core, was discardcd  Both cores, which

were composed of black oxidized mud, were sott and flufty throughout therr ¢ntire leng’ hs(]z)
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Rocky Flats Plant
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Fgure 1 Plutorium-239, 240 contours around Rocky [Flats, based on

analyses of soil samples collected 1n 1970 (sec ref 3)
Contours 1n aC1 per m?2
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Twigs and other biotogical dobis were also present throuzhout  The cores were 50 and
36 cm 1n lergth

. The cote sections were sent to t M1 where they were homogenized by hand stirring
with glass 10ds  Ten gram aliquots were dried to constant weight to determine the et
to diy weight ratio Vluminum cans (YU cm?) were filled with the wet sediment and sealed
tor airect carma tadi~*ton counttag  \pproxinately 100 gram alicots o the wet se -
ment 1ror the 5 o ccre v ove sent (o ‘he Vonds Hole v comogoapt te ettt f1oa ot

ITE- 7 aoapr 2l AU s1e | er twee v Richmaond Calitorn y, waacee centract to

A Y hochzmica! il es
A Kad
The o Lot srctions were cinma conntea o T es at P we o S a germaniue
ia¥ad
G, tttany ode sprertromcter Mquets ser oo the WHOT were wal 7ed ton 157,

1h

ooy aadieed aoaeat o o
1

v\ osCt et o Ive s vas o1 a1 dout to elortity Rochy o tats Plant ot ris 1 the scdy

men vore T his inyolved mass spacttomety ot the plutonmm fractions for 12 of the

COTS ~CImar [t Mas 'eon shosn th ' the mass 1sotopic compusitior ot plutouiam from
groral frtlow el foom tne Rochy Liats 140 tare narbedly dlffClent(H"%\ The ?'wP'
b
“J(JPU r11ss tatte o plutomun wserdt at Yo Rocky 1lats Plant 1s U 05 2 0 01 whereas
s 1at10 's 0 1R 1 O ‘ar sccumalated global fallout  In this st*uat on a mixture of
! these tro soar ¢ can b resol ea by the Hliowng equqtmn(]m
Ty st ) ot Rt - Reampy 1 +3 v haf, \
‘ U { rmp -1 2h {1 oo D :
e ot v 0%, toc dom ratin of Rocks [lots pratontar
| Iyt 0 74, the <'ob il fallout atom ratio
Reamp imrividual samuple atom -+ itio

“lass spectioymcetric anal <es of the electioplated dises contarmung the 11dioc hemically
separat- 4 plvtonr n fiactions were performed at the Nnolls Atomic Pouwer 1 aborators

210 29!
to determine f 2 2fom 1atos of I'u to I*u

Results
137 -
The ‘(,s data are shown in Tabie 1 and averaea LML and W HOI values for the W0 cm core

plottea in ligure 2 The agreciment between the two cores 18 quite remarkable and supports our




! 37Cs in Standley T ake Core Sections

dpm per kg Dry Scdiment

Depth Core ~ 1 Core - 2
increment WHOI
{cm) 1"M1T 1st walysis 2nd anal' 519 ML
0-2 1600 2 100 1390 £10 1500 £ 200
" -1 1100 X 100 1200 = 109
oo 2100 =, 00 1910 =12 2000 £ 100
H -9 2300 = 100 2530 L0 24Ju = 20V
§-10 2000 = 100 2,0 220 3065 £ 10 2300 £ 100
19 -12 2500 < 200 - 2030 £ 10V
12 - 11 3200 £ 200 23.0 213 “oul) = 100
14 - 16 2900 = 200 2,500 = 70U
T - 13 200 & 200 2604y =14 3600 = 100
18 - 20 2806 = 300 J200 £ 200
20 - 22 15080 £ 200 3540 =20 1100 £ 100
22 - 2% 200 £ 200) 7100 L 100
24 - 26 2400 & 2w 3530 20 3910 =30 3700 £ 100
26 - 28 3900 = 200 350U £ 100
28 - 30 4109 &£ 200 2193 212 4040 =25 4000 &+ |00
30 - 32 3900 = 100 4500 = .00
32 - 3t 4100 £ 200 3670 £20 3900 = 200
3t - Lb +100 = 100 5700 = 200
Yy - 3~ 5000 = 200 £2h #12 5560 =30
73 - 0 510U = 200 1539 =10 515 220
43 - 42 53501 + 300 4908 = 32 6090 _ 30
42 - |t 610U £ 300 5926 =1 6810 =25
44 - 16 4800 £ 200 5328 £15
46 - 48 4600 4 210
1% - 59 3200 £200 5036 10

“ Data suspect - not used 1n